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It  Is  well  known  that  when  the  tapors  of  two  or  more  alkali  metals  which  have  low  lonlzatloo  potentials  (K,  Rb, 
Cs)  are  Introduced  Into  a  flame,  the  radiation  IntensUy  of  each  of  them  Incxeases  to  a  value  which  is  greater  than  whea 
only  one  metal  Is  present  [1-2^  This  phenomenon  which  Is  used  for  Increasing  the  sensitivity  of  Cs  deteimlnatioo  P*5] 
is  explained  by  Ionization  suppreulon  [6-11^  When  the  flame  temperature  is  hi^  enough,  metal  atom*  ^Ich  are 
fonned  as  a  result  of  thermal  diuociatioc  of  the  salts  Introduced  are  partially  ionized  In  accordance  with  the  equa¬ 
tion  ♦  e*  (e*  is  an  electioc).  At  a  result,  the  partial  pressure  of  the  neutral  atoms  of  the  mctal.which 

are  rcspoiulble  for  the  radiation  of  the  resonance  lines  of  the  metsL  Is  lower  than  the  value  to  be  expected 
In  the  ahterKC  of  ionization.  Addition  of  other  ionizing  metals  wldch  increase  the  partial  pressure  of  the  electrons  lo 
In  the  name  displaces  the  ionization  equilbrlum,  while  the  partial  pressure  of  the  neutral  atoms,  and  consequently 
the  radiation  Intensity  of  their  resonance  lines  connected  with  this.  Increases.  At  the  same  time  there  is  a  possibility 
of  an  Interaction  between  the  atorr  s  of  the  test  metal  and  atoms  or  radicals  arising  from  the  acid  residue  of  the  ult 
In  the  fonn  of  which  the  other  metal  is  added,  and  a  decrease,  as  a  consequence  of  this,  in  the  partial  pressure  of  the 
atoms  of  the  first  metal  (development  of  the  anion  effect).  Nevertheless,  in  some  cases  (nitrates  and  hydroxides)  this 
effect  It  ne^^U^lhly  smalLand  the  resulting  change  lo  radistioo  Intensity  can  be  ascribed  simply  to  the  shift  in  Ioniza¬ 
tion  cqulIlUlum.  Hitherto  no  attempts  have  been  made  to  develop  theories  which  express  the  mutual  effect  of  one 
Ionizing  metal  on  the  radiation  intensity  of  another  in  quantluilve  terms,  using  the  hypothesis  of  the  ionization  of 
atoms  as  a  basis. 


Theory.  First  of  all  let  us  consider  the  ionization  of  one  m^etsl  m  a  flarre.  The  degree  of  ionization  Le,, 
the  ratio  of  the  par.lal  prcuure  of  the  ions  to  the  'otal  p*rtul  prciiuie  of  the  ions  and  nonionlzed  metal 
ions  Pj^i^  introduced  into  the  flame  (Pj^  =  ^  calculated  as  lollows.  According  to  the  ionization 

eq'iatlon 


(1) 


where  P^-  is  the  partial  pressure  of  the  elecuons,  Is  the  ionizarion  constant  of  the  metal  determined  from  the 


relationship: 


1-  A  l«  r -  6.49  f  Ig 

A,bnr  2 


t 

where  I  Is  the  ionization  potential  of  the  atoms,  ev:  T  Is  the  flame  temperature;  g^-,  ^  statistical 

weights  of  the  ions,  elections,  and  neutral  atoms.  In  the  case  of  one  metal  P^-  «  Substituting  in  equation 

(1)  this  value  P^-  and  the  values  Pj^^  ’  Pn""  8®* 

('’m,.)*  _ ,  (M 

from  which 

where  *  Ptt  2e  * 


a  -  • 
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Thin  the  degree  of  ioolxation  aifoc  various  atoms  depends  only  on  the  ratio  of  the  total  partial  pressure  of  the 
metal  atoms  Introduced  Into  the  flame  to  the  lonltation  constant.  Fig.  1  shows  the  relation  between  the  value  of 
PMe  logarithm  of  the  ratio  P^/  K,^g.  It  is  clear  from  the  figure  that  the  degree  of  ionization  a| 

approaches  teio  for  PN/*^ion  *  ng(PN^*^loo)  *  appioaimaics  to  lOO'Jfc  for  P)^/Kiog  <  0.01  ngC^N^^^ioo) 

<-2). 


It  was  interesting  to  establish  the  values  of  the  degree  of  Ionization  for  various  real  conditions  by  flame  pboto- 
metry.  The  total  partial  pressure  of  the  rretal  atoms  and  ions  in  the  gas  flame  depends  on  the  concentration  of  me¬ 
tal  ult  in  colutionfC.M),  the  efficiency  of  the  sprayer,  the  typeef  gas ,  amoint  of  gas  supplied  to  the  burner  in  unit 
time,  the  temperature  of  the  flame,  and  also  on  the  extent  to  which  the  atoms  and  ions  are  combined  as  gaseous  hy¬ 
droxide  molecules.  Under  the  conditions  used  in  the  present  work  [12].  the  following  relationships  hold  for  the  total 
partial  oreuure  of  the  metal  atoms  which  would  be  in  the  flame  if  there  was  no  ionization,  and  if  no  molecules  of 

gaseous  hydroxides  were  formed: 


Fig.  1.  Degree  of  ionization  a^do'Tilasa 
fui.:tlon  of  the  log  of  the  ratio  Pj;/Kioo.  The 
values  of  the  concentration  of  alkali  metals 
in  solution  IM)  are  given  under  the  curve  for 
an  aceivlene  flame  arl  for  illuminating  gas 
flame;  these  values  correipond  to  definite 
values,  of  flame. 


—  C*10“***ar  (acetvlene  flame)  (4) 

/•ft  — C‘t0' a  r  (illuminating  gas  flame)  (S) 

These  relatlooshlpa  were  derived  on  the  assumption  that  the 
concentration  of  metal  atoms  in  the  flame  [13]  (Mioi^j]  *  6.2* 
10^*  C  atoms/  cm*,  jhe  equilibrium  of  the  formation  of  hydrox¬ 
ide  molecules  conforms  to  the  equation 

where  Pq^  and  P)i.«^0H  partial  pressures  of  hydroxyl  radi¬ 
cals  and  metal  hydroxide,  and  Is  the  dissociation  content 

of  the  latter.  At  not  very  high  concentrations,  the  value  of 
Pqh  ^  *cvc***  times  smaller  than  and  Py^oH* 
cordingly  be  assumed  to  be  constant.  From  this: 

const 

^S\rOH  ^ OH 

v-hlle  the  following  relation  it  alio  constant 


^McOH  ♦  **h*.e  ^’Ntotal 


(7) 


5.  which  it  the  extent  of  dissociation  of  alkali  metal  hvdioxidcs.has  been  studied  very  little.  For  the  flame  of  an  acet¬ 
ylene air  mixture  3  3  l  in  the  case  of  sodium,  since  it  docs  not  form  a  stable  hydroxide.  In  the  case  of  the  remain¬ 
ing  metals,  the  tendency  to  form  stable  hydroxides  increases  In  the  order  K,  Rb,  Cs,  LI.  The  value  of  fl  for  K  «  0.43 
while  for  Li  3  =  0.21,  It  should  be  noted  that  the  value  of  3  does  not  differ  strongly  fiom  1  and  can  be  left  out  in 
further  discussion.  As  for  the  concentrarion  of  metal  in  solution,  we  used  the  relationships  (4)  and  (5)  and  the  values 
of  Kjqjj  from  Sakh’s  formula  (Table  IX 

These  results  are  given  In  Fig.  1.  As  die  figure  shows,  for  the  case  of  lithium  and  sodium  in  an  illuminating  gaa 
flame,  the  fraction  of  ionized  atoms  is  small,  and  neutral  atoms  are  present  in  the  main.  In  the  case  of  potassium, 
ionization  should  become  observable  even  at  low  concentrations  -  10**  M,  while  it  should  be  appreciable  for 
rubidium  and  cesium  over  the  ume  concentration  range.  In  an  acetylene  flame  ionization  should  be  high  ^or  K,  Rb, 
and  Cs  over  the  concentration  range  normally  used  in  analysis,  and  should  be  observable  even  for  lithium  over  the 
concenuation  range  10*^  -  10**  M.  Nevexthclcss,  in  actual  fact,  a  limit  is  set  on  the  ionization  of  the  metals  at  low 
conccmiations  by  the  presence  in  the  flame  gai  of  charged  particles  whose  partial  pressure  for  an  acetylene— air  mix¬ 
ture,  according  to  [14].  is  about  3.6  x  10*  equal  to  approximately  10*^  *' atm,  and  according  to  our  results  about 
10**'*  atm.  Since,  according  to  expressions  4  and  5,  a  partial  pteuure  of  atoms  which  is  close  to  this  value  U 
created  at  C  3  10‘*-10~*  M,  it  follows  that  the  background  of  charged  particles  in  the  flame  will  prevent  lonlzatioQ 
of  meul  introduced  into  the  flame  when  the  metal  concenuation  in  solution  is  i.elow  10**  -  10'*  M,  such  conceo- 
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tittlom  ooc  being  nonntUy  used  In  •oalyiis.  These  results  relate  to  that  part  of  the  flame  which  it  10*20  mm  above 
the  inner  cone;  near  the  zone  of  primary  combustion  of  hydrocarbon  flames  the  background  of  charged  particle  is  lig* 
oiflcanUy  bigber  [11]  and  may  lead  to  complete  lupcttsioo  of  ionizatioo  of  the  alkali  metal  introduced  into  the 
flame  (16X 


TABLE  1.  Values  of  the  Logarithm  of  the  Ionization  Contuni  of 
the  Alkali  Meult  in  an  Acetylene  and  in  Illuminating  Gas  Flame 


Meul 

Logarithm  of  ioniza¬ 
tion  constant 

logP^/Kjon  foflM 
salt  solutions 

niuminaiir^ 
gat  flame,  T= 
1970*  K 

Acetylene 
flame,  T» 
2360*^  K 

Illurninating 
gat  flame 

Acetylene 

flaine 

Lithium 

-12.03 

-9.52 

8.25 

5.32 

Sodium 

-11.38 

-9.00 

7.60 

3.20 

Potassium 

-  9.33 

-7.31 

5.55 

3.51 

Rubidium 

-  8.93 

-6.96 

5.15 

3.16 

Cesium 

-  8.20 

-6.35 

4.42 

2.55 

Let  us  consider  how  the  concentration  of  noniontzed  metal  atoms  in  the  flame,  and  the  radiation  intensity  re¬ 
lated  to  it,  will  increase  in  the  presence  of  another  metal  which  is  capable  of  ionizing.  In  older  to  develop  the  the¬ 
ory  further  it  will  be  expedient  to  inuoduce  the  concept  of  the  maximum  possible  increase  in  radiation  intensity  A 
(in  the  absence ofself -absorption)  which  occurs  as  a  result  of  complete  conversion  of  all  the  metal  ions  into  neutral 
atoms.  Thus, 

since 

- 1  -  p^^iPx. 


then  using  the  value  of  P)i,«e  */Pti 

Ps  _ * 


- ^A. 


1  ^  ysa  4- 1 


(9) 


Fig.  2.  The  relations  between  the  logarithm  of  the  max¬ 
imum  possible  increase  A,  following  from  ionization  sup- 
preuion,  and  the  logarithm  of  the  ratio  Ph^/Kion*  The  con¬ 
centrations  of  the  alkali  metals  in  solution(M)correspon- 
dlng  to  definite  values  of  Pbi/Klon  f  °  flame  are  given 
under  the  curve. 


The  relation  between  log  A  and  gPjsjACjoQ  calcj!ated 
by  means  of  this  equation  is  shown  in  Fig.  2.  The  maximum 
possible  increase  in  radiation  Intensity  at  a  >  ICOO  amounts 
in  all  to  0.03  (STO,  while  for  a  =  100  it  U  0.103  (lO.ST*), 
i.e.,  it  is  low.  At  a  =  10  it  already  amounts  to  0.37,  while 
at  a  =  1  it  is  '>.62  (2627»);  further,  it  increases  almost  in¬ 
versely  proportionally  to  a,  and  amounts  to  1000  at  a  <  0.001. 

Comparison  with  the  scale  for  Pn^Iod  values  as  a  func¬ 
tion  of  the  concentration  C  in  solution,  however,  shows  that 
in  the  case  of  an  acetylene  flame  an  appreciable  Increase 
can  only  be  expected  for  three  elements  K,  Rb,  and  Cs;  in 
the  case  of  Na  and  Li  it  is  only  possible  (and  then  only  to  a 
small  extent  —  an  increase  of  10-20!^)  at  very  low  concen¬ 
trations  of  the  elements  in  solution  —  lO'^M  and  lower.  In 
an  illuminating  gat  flame  an  increase  may  be  manifested  to 
a  small  extent  in  the  case  of  K,  Rb,  and  Cs  at  very  low  coo- 
cenuationt,  while  there  will  be  no  increase  at  all  in  the  case 
of  Li  and  Na.  In  this  connection  one  should  bear  in  mind  what 
was  said  above  about  the  effect  of  the  ionization  of  the  flame 
itself. 
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When  two  meuU  Me|  aod  Meg  ai*  pieaeac  Ib  the  fume*  the  degree  ot  looiutioo  of  each  meul  In  the  flame 
will  be  deteonloed  by  three  cquatiooM 


(lOe) 


(10b) 

(10c) 


to  these  equitioni  PMej»  hvleg*  ^Me,**  ^We,*»  partial  pressures  of  metal  atoms,  loos,  and  electrons,  while 

Kiioo  and  are  the  correspondtog  ionlratloo  constants.  Using  equations  (10  a,  b,  c)  It  Is  possible  to  calculate  the 
degree  of  loolzatloo  of  each  of  the  metals  a  «  P)^  ♦/p)^  lo  the  presence  of  the  other  In  the  flame,  and  from  this,  the 
relative  increase  as  a  fraction  of  the  maxlrmim,  meaning  by  the  latter  the  ratio  of  the  increase  lo  partial  pressure  of 
the  atoms  (Of-a).  to  the  maximum  possible  (o^ •  Pi>jX 

In  ort’er  to  calculate  the  relative  increase  we  substitute  the  value  foe  P«  •  from  the  equation  (10c)  lo  equations 
(10a)  and  (lObX 


P  * 

Me, 


p, 


’t 


^*Ioif 


(11a) 


P  ♦ 

Me, 


M-*. 


+  P  ♦) 

Mr, 


-  ^S|oo« 


Mr, 


(lib) 


Uavlng  assigned  definite  value  to  Pmc,*  definite  values  of  »  o.  we  calculate  P^^cg♦^(<*  purpose  we 

substitute  Pgjg^  s  Pj^-  PhlCt*  equation  (llaX 


P  * 

Mr, 


ion 


Knowing  and  Pj,»g^^,  it  is  possible  to  determine  P|,»^  from  equation  (llbX 


Mr, 


+  [P  *  +  /» 


Mr, 


r) 

•■s 


X, 


ion 


It  it  then  possible  to  calculate  P.vj^  =  Py,>c^  ♦  Pk'c,  ♦  and  the  ratio  Pn,/PNj.  's'hen  the  various  values  ranging  from 
0  to  PNj*  o,  (where  o,  it  the  degree  of  ionization  for  one  element)  arc  given  to  PK!q^»  **  possible  to  obtain  a  scries 
of  values  for  Pi^/P|^.  coacspondlng  to  different  degrees  of  ionization  a  of  the  main  element. 

Fig.  3.  The  tclatlon  between  the  relative  Increase  (a,-a|)/a| 
of  cesium  and  the  logarithm  of  the  ratio  of  the  concentration  of 
the  alkali  metals  added  to  cesium  concentration.  The  cesium 

concentration  in  solution*  10'^ M;  the  maximum  pouible  in* 
crease  A  =  22.3. 

In  order  to  calculate  the  increase  which  occurs  on  suppression  of  loni* 
zatlon,  we  calculate  for  each  case  the  degree  of  ionization  a|  >  PMe\/PN|i 
I  j  j  3  a  r  and  from  this  the  relative  Increase  (a,- 0|)/a^  The  relative  increase  was 

Log  Mcg/Me  calculated  for  cesium  in  this  way  for  several  cesium  concentrations  and  one 
potassium  concentration. 

In  Fig.  3  is  shown  one  of  a  typical  series  of  curves  for  cesium  at  a  concentration  of  llT*  M,  using  an  acetylene  flame 
(the  theoretical  maximum  increa:e  A»22.3X  The  curvet  for  the  relative  increase  have  an  S  shape,  while  the  upper  and  lower 
parts  atymprotlcally  approach  the  line  of  maximum  increase  and  the  abscissa.  Curvet  for  various  metals  are  approx’mately 
parallel  and  arc  shifted  in  the  middle  along  the  abscissa  by  a  value  which  corresponds  approximately  to  the  difference  In 
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the  logarlthiro  of  the  ionization  conitanu  of  the  coneiponding  meult.  In  other  wordi.  In  order  to  evoke  an  equal  aol- 
atlve  Increase,  the  concentrations  of  the  metals  added  should  be  invenely  proportional  to  their  Ionization  conunta. 

An  appreciable  relative  Increase  (>  S%)  for  eaJ:  of  tlw  added  metals  Is  observed  starting  at  a  certain  concenuatloo 
below  which  this  metal  hat  almost  no  effect  on  radiation  intensity.  Thus  potassium  stam  to  show  an  effect  horn  coo* 
centrationt  which  are  twice  that  of  cesium  sodium  turu  to  show  an  effect  at  cooceotxa- 

tloni  about  60  times  that  of  cesium  (log  ■  1.8X 

In  Fig.  4  are  shown  curvet  for  the  relative  Increase  In  cesium  under  the  influence  of  potassium  and  sodium  for 
three  cesium  cooccwratlont  in  solution  (10**,  10**,  and  10**M):  log  C  (M)  It  plotted  along  the  abtcitta,oot  log(PMe|/ 
P]^),  An  Increase  approximating  to  the  maximum  possible  Is  not  observed  when  the  maximum  concenuatioo  of  tls 

foreign  metals  of  1  M  is  used,  either  in  the  cate  of  K 
or  Na.  Thus  in  the  case  of  the  latter  element  at 
*  10**  and  10**  M  and  Cjgg  ■  IM,  the  Increase  Is  only 
half  of  the  maximum  possible.  A  conclusion  of  prac* 
tical  Importance  which  can  be  drawn  from  this  It  that 
buffering  with  sodium  salts  does  not  lead  to  the  desired 
results,  and  that  the  presence  of  additional  amounts  of 
potassium  and  rubidium  salts  In  the  solution  will  lead 
to  an  additional  liKreate  in  the  Intensity  of  the  cesium 
line.  It  Is  clear  from  Fig.  4  that  at  equal  concentra* 
tlont  potauium  or  sodium  affect  the  radiation  intensity 
to  the  same  extent  when  the  cesium  concentration  IslO*** 
10*' M:  thus  an  equal  Increase  in  the  relative  intensity 
of  the  Cs  line  is  obtained  for  different  Cs  concentrations. 
At  s  the  effect  of  K  and  Na  is  weaker  and 

a  higher  }>;(  concentration  Is  necessary  to  give  the  sam: 
relative  increase.  This  fact  is  important  for  explaining 
the  path  taken  by  the  curvet  relating  the  line  intensity 
of  the  Ionizing  metal  and  its  concentrstlon  in  the  pre* 
serKC  of  various  constant  concentxatior.t  of  the  other 
metal. 


Fig.  4.  The  relation  between  the  relative  Increase  in  cesl* 
urn  (a,  -  ctj)/a,  and  the  concentration  of  potassium  and  so¬ 
dium  salts  la  solution.  1)  10*’ M  Ci;  2)  10"*  M  Ci;  3) 
10‘*  M  Cs. 


Let  US  also  consider  the  case  of  the  effect  of  alkali  metal  salts 
00  the  radiation  intensity  of  potassium.  The  potassium  concentration 
chosen  for  calculation  was  10"’M,  while  the  maximum  increase  »  4.2 
for  an  acetylene  flame.  At  Is  evident  from  Fig.  5.  cesium  at  a  con¬ 
centration  ratio  Ct:K  as  low  as  100*200  (i.e.  at  a  cesium  concentra¬ 
tion  of  1  -  2  *  10’*M)  leads  to  almost  complete  lupresslon  of  Ioniza¬ 
tion;  under  these  conditions  the  relative  Increase  amounts  to  0.9S. 

In  the  case  of  Na  and  H,  concentrations  of  10-20  M  (log  * 

5.0S-S.3)  arc  necessary  to  achieve  the  tame  end;  at  ordinary  salt 
concentrations  of  the  oroer  of  I  M  complete  luprctslon  of  Ionization 
is  not  obtained. 

Verification  of  the  Calculations.  In  order  to  check  oo  the  coo- 
clutlons  derived  from  theory,  experiments  were  carried  out  on  the  ef¬ 
fect  of  K,  Na,  and  LI  on  the  radiation  intensity  of  cesium  in  to  acety¬ 
lene  flame.  A  comparison  was  made  of  the  readings  obtained  for  ce¬ 
sium  radiation  at  852.1  m/j  on  a  flame  spectrophotometer  composed 
of  a  UM-2  monochromator,  a  pliotomultiplier,  and  a  microammeter 
[5j  when  solutioDi  of  cesium  salts  (10** and  10**M)  were  sprayed  directly  into  the  flame,  and  the  r*  'dings  obtained 
when  the  same  solutioris  to  which  Na,  K,  and  Li  salts  had  been  added  at  concentrations  of  10**,  lu  10**,  10**  and 
1  M  were  sprayed  Into  the  flame.  In  ordet  to  eliminate  the  "anion  effect*  solutions  of  the  nluates  of  the  alkali  metals 
were  used.  The  radiation  intensity  of  Cs  solutions  to  which  oo  foreign  ults  had  been  added  was  taken  as  100^.  The 
resulu  are  given  in  Table  2, 


Fig.  5.  The  relation  between  the  relative  in¬ 
crease  in  potassium  (a*  -  Ojl/o^  and  the  loga¬ 
rithm  of  the  ratio  of  the  concentration  of  the 
added  alkali  metals  to  potassium  concentra. 


tlon  (Ck*10"*M,  a  >4.2X 
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The  leiultt  tie  pceseoted  graphically  in  Fig.  6,  a  logarithmic  scale  being  adopted  for  the  coocenuationa  of  the 
alkali  meuls  added. 

The  curves  obuined  have  the  shape  of  the  initial  branches  of  the  S>shaped  curves  in  Fig,  4. 


TABLX  2.  Change  in  the  Radiation  Intensity  of  Cesium  in  an 
Acetylene  Rame  in  the  Presence  of  Other  Alkali  Metals 


Fig.  6.  The  relation  between  the  in¬ 
tensity  of  the  cesium  line  and  the  log¬ 
arithm  of  the  concentration  of  added 
alVali  metals.  Continuous  linetC^^s 
10*^M;  dotted  linetCj^s  10**M. 


Fig.  7.  The  relation  between  the  log¬ 
arithm  of  the  intensity  of  the  cesium 
andl/^'C  (C  is  the  concentration  of 
added  alkali  meuls).  Continuous  line 
Cci=10-*M;  dotted  line;  Cci=10-’m, 


In  order  to  determine  more  accurately  the  maximum  possible  increase 
on  the  basis  of  the  results  given  in  Table  2,  a  curve  of  log  relative  intensity 
against  VV'C  was  constructed.  This  relation  was  used  b^ause  it  is  possible 
to  extrapolate  to  C  ^  (Pig.  7)  more  readily. 

According  to  Fig.  7  the  maximum  increase  at  C  «  <e  (lA'C  3  0)  amounts 
to  28.0  for  Cc,  3  10'*M,  and  to  3.63  for  Cci  *  10"*M  instead  of  the  calcu¬ 
lated  values  of  22.3  and  3.61  respectively.  There  is  therefore  a  reasonably 
close  agreement  between  the  calculated  values  obtained  on  the  basis  of  the¬ 
ory  and  the  experimental  results. 

In  conclusion  it  is  interesting  to'consider  the  ^sible  increase  in  the 
radiation  of  the  alkaline -earth  metals  in  a  flame  following  upon  ionization 
supressioQ.  The  logarithms  of  tliC  ionization  constants  of  the  alkaline-earth 
metals  in  an  acetylene  flame,  according  to  Sakh's  formula  [11]  are:  for  Ca  3 
-10.45,  for  Sr  =  -9.55,  and  for  Ba  =  -8,55.  The  degree  of  dissociation  of  the 
oxide  (or  hydroxide)  compounds  must  be  taken  lr:to  account  in  view  of  their 
small  values;  we  take  the  values  [13]  Ca  =  4.7  •  10**,  Sr  =  1.1  •  10"*and  Ba  « 

2.1  •  10"*.  From  this,  the  ratio  Pf/Kiog.  00  ibe  basis  of  (4)  and  (7r  amounts 
to  10^**C  for  Ca,  10*'**C  for  Sr  and  l(r’*’c  for  Ba  (C  is  the  concentration  of 
the  metal  in  the  form  of  its  salt  in  solution,  M).  In  the  case  of  salt  solutions 
with  concentrations  of  1  and  0.1  M  (C  3  l  and  0.1),  for  Ca  and  Sr  we  obtain, 
on  the  basis  of  the  curves  (Figs.  1  and  2)  a  negligible  degree  of  ionization, 
and  an  almost  unobservable  maximum  possible  Increase  at  a  result  of  ioniza¬ 
tion  suprcsslon;  in  actual  fact  it  was  not  ob»erved  experimentally  [16^  Under 


these  conditions,  in  the  cate  of  Da,  however,  the  value  would  be  appreciable. 


SUMMARY 

The  quantitative  relations  which  hold  during  the  increase  in  the  radiation  intensity  of  a  metal  in  a  flame  at  the 
result  of  ionization  tupresslon  due  to  the  presence  of  another  metal  have  been  considered.  The  degree  of  ionization 
of  the  metal  atoms  in  the  flame  and  the  maximum  possible  increase  following  from  complete  conversion  of  ions  into 
nonionized  atoms  depend  on  the  ratio  of  the  total  partial  pressure  of  atoms  and  ions  in  the  flame  to  the  ionization  con¬ 
stant.  The  characteristic  effecu  shown  by  other  alkali  metals  on  the  radiation  intensity  of  the  test  metal  have  been 
established.  The  theoretical  deductions  have  been  confirmed,  taking  as  an  example  the  increase  in  radiation  Intensity 
of  cesium  caused  by  the  presence  of  other  alkali  metals  in  the  flame  of  an  acetylene -air  mixture. 
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A  FLUORESCENCE  METHOD  FOR  DETERMINATION 
OF  MtCROAMOUNTS  OF  METALS 

IN  THE  FORM  OF  ME  TA  L -T  HIOC  Y  A  NA  TE  (HALIDE)- 
BASIC  DYE  COMPOUNDS 

COMMUNICATION  1.  DETECTION  OF  ZINC  ON  THE  BASIS 
OF  THE  FLUORESCENCE  EXTINCTION  OF  AQUEOUS  SOLUTIONS 
OF  RIKX)AMINE  C 

A.  K.  Babko  aad  Z.  I.  Chalaya 
T.  G.  Shevchcoko  State  ilnivenlty,  Kiev 

Translated  from  Zhutnal  Aoaliticheskoi  Khlmil,  Vol.  16,  Not.  3, 
pp.  268-271,  May-JuiK,  1961 
Original  article  submitted  June  9, 1960 


Rhodamine  C  (rhodamtne  B  in  the  old  nomenclature)  U  a  valuable  reagent  for  the  photometric,  extractlon-pbo* 
tometric,  and  fluorescent  determination  of  microamounts  of  gallium,  thallium,  indium,  antimony,  tungsten,  etc.  Meth* 
ods  for  the  detection  and  photometric  determination  of  zinc  with  rhodamU^  C  have  been  described  [2-4X  On  inter* 
action  with  rT>ctaIs.  sparingly  soluble  compounds  AifXfcHal^]  are  formed,  in  which  A  is  the  cation  of  the  basic  dye.  Me 
is  the  metal,  and  Hal  is  halide  or  thiocyanate.  It  has  been  noted  [1]  that  fo.mation  of  the  zinc  thiocyanate  rhodamine 
compound  leads  to  extinction  of  the  fluorescence  of  rhodamine  C. 

Our  problem  was  to  study  the  possibility  of  determining  zinc  in  the  form  of  a  thiocyanate  compound  with  rho¬ 
damine  C  by  a  fluorescent  method.  Our  expcrlmcnir  confirmed  published  information  [4]  on  the  extinction  of  rhoda- 
minc  C  fluorescence.  As  the  zinc  concentration  Increases. the  color  of  the  fluorescence  changes  from  orange  to  red. 

It  should  be  possible  therefore  to  develop  a  method  for  determining  zinc  on  the  basis  of  measurement  of  the  fluores¬ 
cence  extinction  of  aqueous  solutions  of  rhodamine  C. 

Fluorescence  intensity  was  mKcasured  on  an  FM  photometer  of  the  Pulfrich  type.  A  PRK -4  tube  fitted  with  a  UFS -3 
filter  40  X  40  mm  was  used  as  the  fluorescence  excitation  source. 

Fluorescence  extinction,  like  the  change  in  color  which  is  observed  during  formation  of  the  zinc  thiocyanate 
rhodamine  compound,  depends  on  a  number  of  factors  which  have  0*01  been  studied  sufficiently.  pH  and  thiocyanate 
concentration  are  the  most  important  factors. 

It  was  found  that  thiocyanate  ions  will  lead  to  fluoiescence  extinction  of  rhodamine  C  in  the  absence  of  zinc, 
and  also  cause  the  color  to  change  from  orange  to  red,  as  well  as  causing  a  change  In  the  color  of  rhodamine  C  from 
red-violet  to  blue.  Published  results  on  the  interaction  between  thiocyanate  ions  and  rhodamine  C  are  contradictory, 
[1,2X  Accordingly,  we  carried  out  experiments  under  such  conditions  which  ensured  absence  of  zinc  and  other  heavy 
metals  pruent  as  Impurities  In  the  reagenu  and  In  the  distilled  water;  the  latter  were  purified  beforehand  with  dithi- 
zone.  These  experiments  confirmed  publbhed  results  [2]  to  the  effect  that  thiocyante  ions  give  a  color  reaction  with 
rhodamine  C,  similar  in  its  outward  effect  to  the  reaction  of  zinc  thiocyanate  ions. 

In  order  to  establish  the  optimum  conditions  for  deteiminlng  zinc,  we  next  studied  the  relation  between  the  for¬ 
mation  of  the  two  compounds.thiocyanate-rhodamine  and  zinc  thiocyanate  rhodamln^  which  can  be  formed  in  the 
zinc  thiocyanate -rhodamine  C  system,  and  the  pH  and  thiocyanate  coiKentratloa. 

These  experiments  showed  that  as  the  result  of  formation  of  zinc  thlocyanate-rhodamlne  and  thlocyanate-rhoda- 
mine  the  solutions  become  turbid;  the  fluorescence  is,  however,  stable  with  time  and  there  Is  iso  tseed  to  add  a  stabili¬ 
zer.  To  get  reproducible  results  and  maximum  fluorescence  extinction  of  the  rhodainine  C,  it  is  necessary  to  mix  the 
solutions  of  zinc,  thiocyanate,  rhodamine  C  and  water  (to  a  definite  volume),  in  all  subsequent  measurements,  we 
kept  to  this  order  of  adding  the  solutions. 
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The  relation  between  the  fluorescence  of  the  system  tine  thiocyanate  rhodamlne  C  and  pH  is  shown  in  Fig.  1. 

A  red  filter  was  used  for  measuring  the  fluorescence;  the  refuence  solution  was  a  solution  of  1.6  .  lO'^M  ihodamine  C 
in  a  medium  of  0.17  M  poussium  thiocyanate;  the  fluorescence  of  this  solution  was  taken  as 

As  Fig.  1  shows,  at  pH>6  determination  is  In  general  impossible.  This  is  connected  with  the  state  of  the  rhoda- 
mine  (a  pseudo  base  is  formed),  since  under  these  Conditions,  in  dilute  solutions,  neither  the  zinc  thiocyanate  ion  nor 
the  thiocyanate  ions  show  any  effect.  At  pH<5.S  the  presence  of  zinc  leads  to  an  extinction  effect.  This  effect  is 
strongly  dependent  on  pH.  and  this  is  a  drawback  since  during  quantitative  determination  the  pH  has  to  be  rigidly  coo* 
trolled.  At  pH<4.2  the  main  reagent— thiocyanate—  gives  the  ume  effect,  even  in  the  absence  of  zinc  (Curve  2). 
There  is  a  short  pH  range  with  an  optimum  at  4.2>4.6(Curve  4)  for  sensitive  quantitative  determination. 


An  analogous  relation  between  change  in  rhodamine  C  color  and  pH  was  established  spectrophotometrically  (Fig.  2). 


Ccucc  C-.od  pH  ill  the  lystcrii  zinc 
thiocyanate -rho<Jamine C.  l)Fla- 
orescence  of  rho<Jamir>cC;  2)dit- 
to  in  the  presence  of  thiocyanate; 
3) ditto  in  the  presence  of  thiocy¬ 
anate  and  zinc;  4)the  difference 
between  the  ordinates  of  curves  2 
and  3;  5) difference  between  ih^ 
ordinates  of  curves  1  and  2.(Zi?*^j 
=  [rhodamine]  =1.6  x  10”*M; 
(KSCN>--0.17M. 

D 

0.6  ■ 

06  - 
av- 
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02- 
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Fig. 2.  Relation  between  optical 
density  and  pH  in  the  system  zinc 
thiocyanate-rhodamineC.  l)Op- 
tical  density  of  rhodamine  C  in  the 
presence  of  thiocyanate;  2)  ditto  in 
the  presence  of  zinc;  3)the  differ* 
ence  between  ordinates  of  2  and  3. 


Optical  density  was  measured  on  a  SF-4  spectrophotometer  at  X  =590  m/i  and 
I  =10  mm.  The  concentration  of  all  the  components  was  the  same  as  during  mea* 
surement  of  the  fluorescence  (see  Fig.  2).  A  0.9^  freshly  prepared  solution  of  gela* 
tin  was  added  as  stabilizer. 


The  relation  between  the  fluorescence  extinction  of  rhodamine  C  and  thio* 
cyanate  concec^rati.sn  it  shown  in  Fig.  3*.  A  red  filter  was  used  during  fluores¬ 
cence  measurementvand  the  fluorescence  standard  was  a  2X  10*^M  «olutioo  of  iho* 
damlne  C;  the  fluorescence  of  this  solution  was  taken  as  lOO^.  17>f  suitable  thio* 
cyanaie  concentration  range  was  found  to  be  0.05-0.2  M  with  an  optimum  at  0.C8* 
0.1  M  (Curve  1).  At  [KSCNJ<0.0S  M  no  extirKtion  was  observed,  while  at  [KSCN] 
>0.2  M.  extinction  was  observed  even  in  the  absence  of  zinc. 

The  pH  of  5  and. the  thiocyanate  concentration  [KSCN]  of  0,17  M  recommen¬ 
ded  in  the  literature  are  within  the  pH  and  thiocyanate  concentration  limits  we  es* 
tabibhed.  althou^  they  are  not  the  optimum  values  (3.  4]. 


In  order  to  study  the  relation  between  the  fluorescence  extinction  of  aqueous 
rhodamine  C  solutior'i  .snd  zinc  concentration,  solutions  were  prepared  by  the  me- 
ifioJ  given  for  photometric  drtermination  of  zinc  (3J.  The  only  difference  was 
that  the  final  volume  we  used  was  6  ml  (instead  of  60  ml)  while  the  amounts  of 
all  reagents  were  ccrrcspondingly  dccrcat—d.  1  he  fluorescence  intensity'  of  solu¬ 
tions  with  varying  zinc  contents  was  measured  using  a  red  filter;  the  fluorescence 
sUiidaid  war  the  solution  in  the  blank  test,  its  fluorescence  was  taken  as 
The  cxpcrimc.^ul  results  arc  given  in  Fig.  4. 


As  Fig,  4  SI.OWS.  it  is  possible  to  determine  zinc  quantitatively  by  measur¬ 
ing  the  fl  u  ore  seen  •'  extinction  of  an  aqueous  solution  of  rhodamine  C.  Over  the 
zinc  concentration  range  1-4  pg  Zn  in  6  n.l,  the  fluorescence  extinction  is  lirsearly 
proportional  to  rir>c  concentration.  When  the  zinc  content  increases  from  4-10  pg 
the  color  of  the  floorescencc  changes  from  orange  to  red.  and  differences  in  the 
fluorescence  intensity  of  the  solutions  decrease.  The  reproducibility  of  the  results 
is  2>.  The  sensitivity  of  a  determination  is  O.OSpg  zinc  in  1  ml. 


The  basic  characteristics  of  the  fluorescent  and  photonictnc  methods  [3] 
obtained  on  the  basis  of  a  series  of  zinc  determinations  arc  given  in  the  table. 


The  absorption  curves  of  the  reagent  and  of  the  colored  zinc  compound, 
taken  on  an  SF-4  spccirophoiomcter  atf  =10  mm.  are  shown  in  Fig.  5. 


It  Is  clear  from  Fig.  5**  that  even  when  excess  zinc  is  present  the  total  (In¬ 
tegral)  light  absorption  changes  by  9^  in  all;  the  second  maximum  is  weakly  ex¬ 
pressed  at)d  the  color  change  it  not  Urge  enough.  It  it  best  to  use  a  spectrophoto¬ 
meter.  the  optical  density  being  measured  at  590-600  mp. 


*The  thiocyanate  concenuation  it  plotted  on  a  log  scale. 

**Rcsults  which  have  been  published  [3]  were  obtained  during  measurements  on  an 
FM  photometer  of  the  Pulfrich  type  using  light  filters,  which  essentially  distort  the 
actual  relation  of  the  absorption  curves. 
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The  (Vtcreaic  io  nuotetceocc  iotemity  H  a  toluuoa,  even  io  the  pce«eoc«  H  exccu  tcageotCat  a  aioc  cooteol 
ot  10  Fi^  4]tamoyi>(s  to  83li»:  this  detexinioes  the  big^  seoiitivlty  of  the  fliioccsceot  method  of  detcnnioatloo. 


Fig,  3.  Fluorcicence  of  ihodamiDe  C  as  a 
function  of  thiocyanate  coocecuatioc. 

1)  In  the  presence  of  zinc:  2)  without  zinc. 
(Za*^J=[rho<3amineJ  =  2x  pH 4.7. 


Zn.Og 

Fig.  4.  Relation  between  the  extioctioo  of 
so  aqueous  solution  of  thodamine  C  and  zinc 
coocenuatioo. 


The  molar  extinction  coefficient  calculated  on  the  basis  of  published  results  on  the  composition  of  the  zinc 
compound  [2]  and  on  the  basis  of  om  experimental  results  ansqunts  to  6*  10**  at  Xj,^  The  disagreement  between  our 
results  and  published  results  (E-4,6*  10**)  Is  explained  by  the  fact  that  we  calculated  the  molar  extinction  coefficient 
for  Xjnax  =  590mp  (for  the  colored  zinc  compound),  while  the  authors  In  (2]  determined  this  value  oo  an  FEK-M  In¬ 
strument  fitted  with  a  ted  filter,  Le..  outside  the  region  of  maximum  absorption  of  the  colored  zinc  compound. 


Basic  Charac»eristics  of  the  Ruorescent  and  Photometric  Methods  of 
Drtermioicg  Zinc 


Characteristics  __ 

Methods  of  determining  zinc 

Fluorcscenc 

Photometric 

Sensitivity 

O.OBpg  in  1  ml 

0.13  ug  io  1  ml 

15-25> 

Relative  experimental  enoc 
Concentration  ra^ge  over 
which  de term ioau 00 it  car- 

8-ia> 

riedout 

Final  voluiTse  in  the  determi- 

0.5-10pgio6ml 

8-25  fig  in 60 ml 

nation 

Stability  with  time  (optical 

6  ml  1 

60  ml 

deniity.  fluoretence) 

Does  not  change 

For  zinc  contents  of  25-lS 
ugin  60ml.30mlO: 
iOfjgin60ml,2.K  hr 

Measureme  DC  time  (of  optical 
density,  fluorescence) 

Independent 

One  hour  after  pouring 
solutions  together 
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Fig.  5.  AUorptioa  curves  of  lolutlora  of  reagent  and  of 
the  colored  zinc  compound.  1)  Rhodamlne  C  In  tbo 
presence  of  thiocyanate.  Rhodamlne  concentratloa  ■ 

S  •  10*' M;  [KSCN]  •  0.2 M;  2)  Colored  zinc  compound. 

(Zii*^3-3  •  Wm. 

SUMMARY 

A  comparative  study  has  been  made  of  photometric  and  fluorescent  methods  of  determining  zinc  with  rhoda- 
mine  C.  It  hat  been  shown  that  the  most  effective  way  of  using  formation  of  the  zinc  thiocyanate -rhodamlne  com*- 
pound  for  zinc  determination  h  to  measure  the  fluorescence  extinction  of  Its  solutions.  The  sensitivity  of  the  method 
Is  0.03  pg  Zn  in  1  ml. 

The  pH  of  the  solutions  It  the  important  factor  which  affects  the  color  and  the  fluorescence.  At  pH>6, 
rhodamirse  C  forms  a  pseudo  base  vihich  does  not  react  with  either  zinc  or  thiocyanate:  at  pH<4.2  thiocyarute  Ions 
form  a  colored  and  nonfluorcscent  compound  similar  to  that  formed  by  the  zinc  thiocyanate  complex. 

It  hat  been  estahlithed  that  the  optimum  pH  and  thiocyanate  concentrations  are  about  4.2  and  0.1  M  respec* 
tlvely. 
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Original  article  submitted  September  28, 1959 


Isotope  dilution  (l*^]  neutron  activation  methods  [3]  are  used  for  the  determination  of  cesium  in  rocks  and 
meteorites.  These  methods  are  fairly  sensitive  and  completely  reliable,  but  the  requisite  apparatus  is  expensive  and 
not  readily  available-factors  which  limit  their  possibilities  for  solving  geochemical  problems.  Consequently  cesium 
is  often  determined  by  the  comparatively  less  sensitive,  but  more  readily  available  and  readily  carried  out  spectro- 
graphic  methods.  Fabrikova's  published  method  [4]  on  flame  photometric  determination  of  hundredths  and  thousandths 
of  a  percent  of  cesium  in  minerals  cannot  be  applied  to  the  determination  of  10'^  Cs  in  rocks. 

Determination  of  cesium  at  the  hundreths  and  thousandths  percent  level  can  be  carried  out  by  a  technique  devel¬ 
oped  for  rubidium  [5.6]  after  chemkal  treatment.  The  method  utisfies  the  requiremenu  of  geochemistry  both  from  the 
point  of  view  of  sensitivity  and  accuracy. 

Ceiium  was  determined  on  an  apparatus  consisting  of  a  monochromator  and  photomultiplier  using  an  air-acety¬ 
lene  burner  [S].  Potassium  and  rubidium  strongly  supress  cesium  emission.  Nevertheless,  at  a  relatively  high  poussl- 
um  and  rubidium  content  (at  concenuations  K/Cs>l 500-2000)  the  cesium  emission  is  almost  comtant  (Fig.  1).  The 
ratio  K/Cs  id  various  rocks  is  usually  somewhat  greater  than  the  ratio  indicated,  so  that  there  Is  no  need  to  add  potas¬ 
sium  to  test  samples  in  order  to  get  the  necessary  sensitivity,  as  indicated  already  (4L 
Large  amounts  of  potassium  and  rubidium  present  in  samples  and  standards  create  a 
high  background  which  even  at  narrow  monochromator  slit  widths  is  often  consider¬ 
ably  higher  than  the  cesium  emission.  The  accuracy  with  which  the  background  la 
measured  in  such  cases  is  strongly  reflected  in  the  accuracy  with  which  cesium  Is 
determined,  this  being  particularly  true  when  a  monochromator  with  low  dispersion 
is  used.* 

It  is  known  that  the  background,  which  is  determined  by  the  lines  of  the  ele¬ 
ments  which  are  located  close  to  the  test  line,  falls  off  exponentially, i>ot  linearly, 
and  that  in  the  case  of  a  line  with  high  intensity  it  leads  to  a  certain  error  if  the  mean  arithmetic  value  of  the  baek- 
ground  IS  calculated  from  measurements  made  on  both  tides  of  the  analytical  line.  In  order  to  calculate  the  back¬ 
ground  more  accurately  we  adopted  the  technique  of  measuring  the  background  a:  three  points  for  a  standard  solution 
not  containing  cesium;  on  this  basis  we  calculated  the  value  of  the  background  in  the  test  solution  from  the  relation¬ 
ships  =  I? and  **  ®  background)  and  not  from  their  sum  (see  Fig.  2)*  •  The  meth¬ 

od  cannot  be  useo  when  the  intetaity  ol  cesium  emission  it  considerably  lest  than  the  background  intensity  wlien  n 
monochromator  of  low  dispersion  is  used.  Preliminary  chemical  treatment  it  readily  caaied  out  [7). 

Analytical  Procedure.  A  one-g  aliquot  of  fiisely  ground  silicate  rock  it  moistened  in  a  platinum  baitn  with  dk- 
tilled  water:  20-25  ml  of  hydrofluoric  acid  and  1  ml  of  sulfuric  acid  are  added  and  the  mixture  carefully  heated  eu 
a  bot-plate  until  white  fumes  appear.  The  contents  of  the  basin  are  s'lrred  from  time  to  time  with  a  platinum  spatu¬ 
la.  When  necessary,  some  more  hydrofluoric  acid  is  added.  After  evaporation  to  remove  fluorides  completely,  a  few 

*We  abo  used  an  ISP-Sl  spectrogtapb  provided  with  an  outlet  slit  for  determination  of  cesium  In  rocks.  Here  the 
background  value  deaeased  strongly;  the  mean  value  of  the  background  was  calculated  at  the  mean  arithmetic  value 
of  the  background  on  both  sides  of  the  line. 

**A  recording  of  part  of  the  spectrum  taken  from  Poluektov't  book  is  reproduced  in  Fig.  2  [9], 


rig,  1.  Effect  of  potassium 
on  cesium  emission. 
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drops  of  witer  ftte  added  and  the  contents  of  the  basin  again  evaporated  to  dryness.  The  dry  residue  is  calcined  in  the 
basin  over  a  gas  burner  to  a  pale  red  incandescence  for  1-2  rain,  as  a  result  of  which  iron,  alurainura,  and  some  of  the 
magnesium  and  calcium  are  converted  to  their  oxides.  To  the  cooled  residue  is  added  50*70  ml  of  water,  0.5  g  of 
ammonium  carbonate,  and  1*2  drops  of  concenuated  ammonia  solution.  The  mixture  is  transferred  without  filuatioo 

into  a  standard  flask  (100  ml),  lu  volume  made  up  to  the  mark,  and  after  standing 
for  30*40  min  filtered.  An  aliquot  (80  from  100  ml  of  160*170  ml  from  200)  is  col* 
lected  in  a  beaker  and  evaporated  to  dryneu  with  nitric  acid  to  remove  ammonium 
Mlts.  The  alkali  metal  salts  in  the  residue  are  dissolved  in  a  small  volume  of  water 
and  the  solution  transferred  to  a  standard  flask  or  to  a  calibrated  test  tube.  To  this 
unie  flask  is  added  methanol  or  ethanol  until  the  alcohol  concentration  is  40^  in  or* 
der  to  increase  the  evaporation  of  the  solution  (this  increases  the  sensitivity  2*2.5 
times).  The  sodium,  potassium,  and  rubidium  contents  are  established  before  deter* 
mining  cesium.  Samples  are  classified  into  several  groups  with  differing  potassium 
and  rubidium  contenu  (the  poussium  content  is  of  basic  importance);  usually  two  or 
three  groups  are  sufficient,  with  a  potassium  content  of  less  than  in  group  1, 1-4*^ 
in  group  II.  and  4-10^^  in  group  IIL  Standard  solutions  with  approximately  the  same 
sodium,  potassium,  rubidium,  and  alcohol  contents  are  prepared  corresponding  to  each 
of  .tliese  groups.  The  standard  solutions  contained  the  following  amounts  of  cesium: 
0.0;  0.1;  0.2;  0.5;  1.0;  1.5;  2.0;  3.0  pg/ml.  Fhotometric  measuremenu  are  made  on 
the  basis  of  the  852  miiCs  line. 


Fig.  2.  Calculation  of  back* 
ground  value  during  cesium 
determination. 


TABLE  1 


Amount  of 
Cs'^added 
cpm 

Value  oi 
aliquot 

'  Activity 
oftheali* 
quot,cpm 

Cesium 

separated. 

1280 

80 

997 

78 

1280 

85 

1023 

80 

1280 

87.5 

1080 

84.5 

The  completeneu  of  separation  of  cesium  by  the  method  indicated 
was  checked  by  adding  known  amounts  of  cesium  137  to  a  sample  before 
decomposition.  As  the  results  in  Table  1  show,  the  loss  error  does  not  ex* 
ceed 

The  accuracy  and  reproducibility  of  the  method  was  checked  on 
synthetic  solutions  prepared  from  pure  potassium,  rubidium;  and  cesium 
salts  (Table  2),  and  also  by  repeated  cesium  determinations  on  standard 
C-1  and  several  other  umples  (Table  3). 


TABU  2 

TABU  3 

Taken  pg/ml  j 

1 

_ 1 

Sample 

Found 
n  .  lO***?* 

■•T  1  1  " 

:  1 

Published 

c» 

1 

""  1 

1  K 

1  ^ 

lour.u  trror, 

1  Pi/nil  1  <?» 

hfean  1 
value 

resulu 

[8) 

0.12 

10.0 

0,11 

-8.. 3 

G-1  ' 

2.2  2. o|l. 8*2,1 

2.010  « 

2.210  ♦ 

0.48 

i:>.t» 

I'M'-O 

0,.Vl 

-  4.0 

2.1  1.1^  1 

0,^»6 

15.0 

l'.*»>o 

;  ti.w 

i  3.l» 

Syenite 

3.1  2.83.22.8 

3.0  l0-« 

1.44 

2<»,0 

i.ty 

—3.1 

No.  143^3.1  1 

l»,24 

10,0 

0,26 

!  8.3 

The  method  has  been  used  for  determination  of  cesium  in  silicate  rocks  and  also  for  the  determination  of  1  x 
10"^  to  7  X  10”^  of  rubidium  in  stone  meteorites. 

SUMMARY 

A  method  is  described  for  the  determination  of  cesium  in  rocks;  elements  of  the  second  and  third  groups  are 
removed  by  chemical  concenuation.  \s7ieo  instruments  with  low  resolving  power  are  used,  it  is  recommended  that 
the  flame  background  be  measured  at  three  poinu  using  a  solution  fiee  from  cesium. 
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COMMUNICATION  6.  ICW  COMPLEXOMETRIC  METHODS 
OF  DETERMINING  THALLIUM* 
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Translated  from  Zbumal  Aoaliticheskcl  Khimli,  Vol.  16.No.  3« 
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Original  article  submitted  January  29. 1959 

Tbe  instability  constant  of  the  complex  of  trivalent  thallium  with  sodium  ctbylenediaminetetrjacetate(EDTA-Na) 
at  20*  and  at  an  ionic  strength  of  0.1  U  10~^’**  *'*  p  Accordingly  it  should  be  possible  to  carry  out  direct  complex* 
ometxic  tiuation  of  Tl’^  at  pH  2  using  l-<2-pyTidylszo)-2'naphtbol  at  indicator  [2],  and  at  pH  4-5  using  xylenol  or* 
ange  [3L  Titration  of  Tl*^  at  pH  2  possesses  hig^  selectivity;  Cd.  Zn.  and  Fb  do  t)ot  interfere.  Fe*^^  Bi,  Co.  Ni,  and 
In  interfere,  at  well  at  C1~.  Br*.  and  I';  the  latter  three  form  complexes  with  Tl’^ai  pH  2-3  which  are  more  stable 
than  those  formed  with  the  indicator**.  Indirect  methods  which  have  been  used  are  based  on  titrating  excess  EDTA* 

Na  with  standard  solutions  of  Cc?*  (indicator  —  SCN”)  (4),Th^'^(tndIcator-alJtarln  S)  (5J,  Zi^*  (indicator— ferrl-feiro* 
cyanidc  mixture  and  benzidine)  '6J.  v'^  (indicator— diphenylcarbazidc  or  diphenylcarbazone)  (7).  or  on  potentiomet* 
ric  titration  with  a  Zn*^  salt  using  a  Hg  elecuode  as  indicator  [8L  1°  *11  the  indirect  methods  described.titration  was 
carried  out  at  pH  *'.5-5.0;  this  leads  to  a  drop  in  selectivity. 

For  Tl*^  determination  we  have  adopted  the  technique  of  titrating  excess  EDTA-Na  with  a  standard  solution  of 
ferric  alum  in  the  presence  of  sulfosaltcylic  acid  at  pH  2;  this  technique  permits  determination  of  Tl*^  in  the  presence  - 
of  Cd**,  Za*^.  Pb**  and  sO.l  M  Cl'.  This  is  a  decisive  advantage  of  the  method  compared  with  direct  titration  at 
pH  2.  Br'ions  interfere  at  pH  2. 

For  determination  of  trivalent  thallium,  2  N  NH4OH  solution  is  added  to  the  test  solution  until  a  turbidity  of  T1- 
(OH)j  appean;  the  latter  is  dissolved  by  addition  of  a  few  drops  of  corKcntrated  HCl;  10  ml  of  standard  EDTA  solution 
is  added. followed  by  five  drops  of  20^7*  sulfosalicylic  acid  solutio.n;  the  liquid  is  heated  to  40-60*  and  titrated  with  a 
siarvdard  solution  of  Fc(NH4XS04l^  until  the  yellow-green  color  of  iron  EDTA  changes  to  an  orange -red  color  (the  re¬ 
sult  of  the  superposition  of  the  red-brown  color  of  L*on  sulforalicylate  on  the  yellow-green  color)  which  does  riot  dis¬ 
appear  in  the  course  of  of  one  minute.  Results  are  given  in  Table  1.  Bi.  In.  Fe.  and  Cu  interfere. 

Separate  determination  of  trivalent  iron  and  thallium  is  based  on  the  following.  Trivalent  thallium  ions  at  pH  3 
form  a  more  stable  complex  with  Br'  ions  than  with  EDTA-Na.  Br“  ions  accordingly  permit  Tl**  to  be  masked  at  pH  2. 
Under  these  conditions  Fe**  reacts  with  EDTA-Na  quantitatively.  After  titration  of  I'e**  ions  at  pH  2  in  the  presence 
of  Br*  using  sulfosalicylic  acid  as  indicator,  the  pH  of  the  solution  is  adjusted  to  4-5  and  trivalent  thallium  titrated 
using  l-(2-pyridyIazo)-2-oaphihol  (or  pyridylazoresorcinol)  as  indicated. 

To  the  solution  containing  Fe**  and  Tl**  is  added  5-10  ml  of  2  M  KBr;  NH4OH  is  then  added  until  the  pH  U  2| 
the  liquid  is  healed  to  40-60*  and  trivalent  iron  titrated  with  EPTA-Na  solution  until  the  red-brown  color  disappean. 

By  adding  CHjCCX)NH4  the  pH  is  adjusted  to  4-5;  a  few  drops  of  O.l'Tv  pyridylazoresorcinol  are  added  until  a  distinct 
red  color*  * ‘shows;  the  trivalent  thallium  is  then  titrated  with  EDTA-Na  solution  until  the  color  of  the  solution 


*Communicitioo  5,see  Zh.  analit.  khimii  IS.  573  (1960). 

**Halide  ions  do  not  interfere  at  pH  4-5,  but  the  selectivity  of  the  method  with  tespect  to  the  cations  decreases  sharp- * 

•  *  •  So  that  the  rose  color  of  the  complex  of  Tl**  with  the  indicator  snows  up  more  clearly  against  the  yellow  col¬ 
ored  background  arising  from  the  iron  EDTA  complex,  exceu  of  the  Indicator  must  be  added;  accordingly,  taking  in¬ 
to  account  the  limited  solubility  of  l-(2-pytidylazo)-2-naphthol  in  water,  it  is  best  to  use  wale^soIubIe  pyridylazo¬ 
resorcinol. 
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changes  to  orange  •yellow.  A  ditUoct  color  change  U  only  observed  when  the  iron  content  U  not  too  high.  At  Fe*^ 
concentrations  not  exceeding  that  of  Tl*^.  both  ritratiom  can  be  carried  out  with  the  uitic  EDTA-Na  solution;  at  high* 
er  Fe**^  concenuations  the  EOTA*Na  solution  used  foe  tbe  first  tiuation  should  be  more  concenuated.  Tbe  method  for 
uparatc  complexoroeuic  aitratioo  of  trivalent  iron  and  iballiuro  gives  Mtisfactory  results  (Table  2), 


TABLE  1.  Indirect  Determination  of  Tnvalcnc  Thallium 


T1 

taken. 

mg 

0.011  C-9M 
Fe(NH4XSOJk 
used,  ml 

T1  found, 
mg 

Error, 

mg 

M 

SH 

0.01169  M 
Fc(NH4XSO^ 
used,  ml 

T1  found, 
mg 

Error, 

mg 

12.61 

;t.28 

12.52 

—*KiO  ’ 

.1.7H 

3,92 

-fO.14 

I2.bl 

.l.r* 

12. Co 

— O.ol  . 

3.78 

6,  ft*. 

3.75 

—0,03 

12.61 

.1,22 

12.C6 

4-0.(6 

2.52 

7.48 

2.4H 

-o.m 

6,30 

.'•.ft'. 

6.14 

-0.16  ; 

2.52 

3.45 

2.55 

+0,«l 

6,.t0 

6.26 

-0.04  , 

TABLE  2.  Separate  Determination  of  Trivalent  Iron  and  Thallium  in  Each  Otbea 
Presence 


Taken,  mg 

EDTA-Na  ao- 
lution  used,  ml 

1 

Found,  mg  ^ 

Taken,  mg 

EDTA-Na  so¬ 
lution  used.  ml 

Found,  mg 

Ic 

* 

! 

I  1 

Fc  ;  T1  ,1 

1 

Fe  j  Tl 

n 

11 

ft 

TI 

1..1I 

C.IJit 

im 

1  !l 

1.31  1  6.11  li 

20.4rj  6.30 

3.21 

3.10 

20.3.3 

6.30 

2.*-l 

•  ...Til 

4,7ti* 

1 

2.62  !  6.21 

2;»,  V  6.3(» 

3,15 

21I.5:. 

6.11 

t.'JJ 

('•..VI 

1  3.15 

3.59  i  6.;i  ' 

6. 

3.18 

4f».Si' 

6.17 

.1.27 

!  2.S4 

.3,36  !  5,7a  jj 

3,15 

6.;8** 

l.Di 

4' *.98 

I.ISi 

•  EDTA-Na  solution  0,009965  M,  same  for  Fe  and  TL 
••  EDTA-Na  solution  0.1132  M. 


TABLE  3.  Separate  Determination  of  Trivalent  Bismuth  and  Thallium  in  Each  Others 
rrc  scncc 


Taken,  mg 

Scludoo 

med,  ml 

'  ! 
Found,  mg  Tak.cn,  mg  j 

!  Solution 
used,  ml 

Found,  mg 

1 

HI  j 

bhbct 

B 

1  11  i  Fi  i 

1  1 

i  11  i 

1 

'0.il32  M  o.cir; 

1  .  U  Co 

EDTA-Naj  iNO.s 

Hi 

1 

39.0 

6.. 30 

l.f*8 

2,‘«S 

.\8.S 

6.4'»  .39.0 

12.01 

2.13 

5,85 

37,6 

12.58 

78.0 

6.:v» 

3.58 

!  2.95 

78.. 1 

6.3i  '.n.u 

6. .11  !  '.17.5 

12,»/S  ^ 

h..3.j 

4,35 

2. 'JO 

'.<6.5 

C.il 

19.5 
19.5  , 

6.:to 

12.61  j 

1.10 
1.35  ] 

j  2.95 

i  5.tvl 

i;>.6 

19.2 

2,52 

4.15 

1  10 

95.5 

1 

2.:tti 

Succeutve  determination  of  Cu*^  and  Tl*^  is  not  feasible,  since  at  pH  2,  Tl**'  is  titrated  together  with  Cu*^  in 
the  presence  of  Br*;  this  is  related  to  the  smaller  difference  ii  tV  -tabilities  of  their  complexonates  under  these  con¬ 
ditions.  Successive  titration  of  Bi*^  and  Tl^  is  also  impossib  nee  BiOBr  is  precipitated  in  the  presence  of  Br*  at 
pH  1.5-2.  The  following  technique  has  been  used  for  the  sep*.  c  determination  of  trivalent  bismuth  and  t!:alliuro. 
Total  Bi*^  and  Tl*^  are  titrated  at  pH  4-5  in  the  presence  of  l-l2-p)Tidylazo/-2-naphthol  or  pyridylazoresorcinolt 
Tl*'^  is  then  reduced  to  Tl'^  by  means  of  Na,SO^  and  tbe  EDTA-Na  thereby  liberated  tiuated  with  standard  Cu(NO|]^ 
solution. 

To  the  test  solution  containing  Bi*^  and  Tl*^  is  added  dry  ammonium  acetate  until  the  pH  Is  4  -5  (the  solution 
should  remain  clear),  then  a  few  drops  of  0.1^^  methanol  solution  of  l-(2-pyTidylazo)-2-naphthoLand  the  resultant  solu¬ 
tion  is  titrated  with  EDTA-Na  solution  until  the  indicator  color  changes  to  yellow;  about  0.1  g  Na|SP|  is  added,  fol¬ 
lowed  by  some  more  indicator  and  tbe  solution  titrated  with  Cii(NO|]^  solution  until  the  color  of  the  solution  changes 
from  yellow  to  red-violet.  Satisfactory  results  were  obtained  in  this  way,  particularly  foi  high  amounts  of  thallium 
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The  end  point  during  direct  complexomeulc  tltretloa  of  trivalent  thalliuni  c«o  be  etiabliihed  by  making  om  of 
the  interaction  of  the  iodide  complexes  of  trivalent  thallium  with  EDTA>Na.  As  our  experiments  showed,  the  iodide' 
complexes  of  trivalent  thallium  are  to  tuble  that  at  pH  <6  they  do  not  react  with  EDTA-Na,  while  at  pH  6-8  this  re¬ 
action  proceeds  quantitatively.  Starch  can  be  used  as  indicator  (taking  into  account  the  specific  characteristics  of 
the  iodide  complexes  of  trivalent  thallium)  [8>  while  ulvalent  thallium  not  bound  at  the  complexonate  is  present  io 
solution,  i.e.fTllj  ions  exist  in  the  presence  of  !*•  then  Ig  ions  will  also  be  present  at  which  color  the  starch  blue;  the 
blue  color  disappears  at  the  end  point. 


To  the  teu  solution  (3-30  mg  T1  In  80-100  ml)  is  added  several  ml  of  1  M  tartaric  acid;  NH4OH  It  then  added 
until  the  color  of  the  tropeoline  000  added  changes  from  yellow-orange  to  rote;  1  M  urtaric  acid  tolutloo  is  next  ad¬ 
ded  until  the  yellow-orange  color  appear^and  1  ml  of  K1  is  added  (a  yellow  color,  not  rose,  should  appear  at  this 
stage;  the  rose  color  appean  when  the  amount  of  KI  added  is  not  sufficient  for  formation  of  Ig;  io  such  a  cate  it  is  ne¬ 
cessary  to  add  a  little  more  KI.  a  large  excess  being  avoided  because  of  the  possibility  of  liberatioo  of  TII).  The  fl- 
rtal  solution  is  tiuated  with  FDTA-Na  until  the  color  changes  from  intense  yellow  to  pale  yellow;  a  few  ml  of  1% 
starch  solution  is  added  and  titration  continued  until  the  blue  color  disappean.  The  method  gives  satisfactory  results 
and  possesses  satisfactory  reproducibility  (TaMe  4X 

TABLE  4.  Complexometric  Determination  of  Trivalent  Thallium  io  the  Presence  of  Surch- 
lodide  Indicator 


At  pH  >8  low  results  are  obssined.  while  at  pH  <6  hi^h  rciults  are  obtained.  Tlie  method  it  not  selective  and 
many  elements  interfere. 


SUMMARY 


A  method  has  been  developed  for  the  indirect  complexometric  determination  of  thallium  at  pH  2.  The  possi¬ 
bility  has  been  demonsuated  of  carrying  out  successive  complexometric  titration  of  trivalent  iron  and  thallium,  and 
of  bismuth  and  thallium.  It  has  been  established  that  the  iodide  complexes  of  uivalent  thallium  react  stoichiometric- 
ally  with  EDTA-Na  at  pH  6-8,  so  that  it  has  been  possible  to  develop  a  complexonsetric  method  for  determining  thal¬ 
lium  with  a  starch-iodide  indicator. 
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QUANTITATIVE  DETERMINATION  OP  SCANDIUM 
BY  MEANS  OF  HALOGEN-SUBSTITUTED  MANDELIC  ACID 

li  P.  Aliinaiio  «o<J  Sheo  Hfto-SI 

M.  V.  Lomonosov  Moscow  State  Univenity 

Translated  from  Zhuroal  Aoaliticheskoi  iQilmii,  Vol.  16,  No.  S« 

.  pp.  279-283,  May-Juoe,  1961 
Origincl  article  submitted  December  13,  I960  ■ 

In  a  previous  communication  [1]  we  suggested  a  new  method  for  determining  scandium  by  means  of  mandelic 
acid:  the  scandium  mandelate  precipitate,  however,  has  a  comparatively  high  solubility  >u  water.  It  was  of  consider¬ 
able  interest  therefore  to  study  halogen  substituted  mandelic  acid  as  a  precipitant  for  scandium.  The  introduction  of 
electrophilic  groups  into  an  aromatic  nucleus  is  known  to  lead  to  an  increase  in  the  sensitivity  of  precipitation;  the 
inuoduction  of  halogens  into  the  benzene  ring  increases  the  acid  properties  of  the  reagent  and  leads  to  a  decrease  In 
the  solubility  of  the  compounds  formed  with  metals,  and  also  to  a  decrease  in  the  solubility  of  the  reagent  itself  in 
water.  It  has  been  found  that  p-halogenomandelic  acids  quantitatively  precipitate  scandium  from  moderately  acid 
solution,  and  that  the  solubility  of  the  compound  decreases  with  ifKreasing  molecular  weight  of  the  reagents. 


EXPERIMENTAL 


Rea^enu  Used.  Para-chloro-,  p-bromo-,  and  p-lodorrandelic  acids  wr-e  studied  in  the  course  of  the  work  des¬ 
cribed  here  at  prccipitants  for  scandium.  Apart  fre-m  bromomandellc  acid,  we  synthesized  the  reagents  by  Klingen- 
berg's  rrethod  (2J.  Oy  recrystallization  from  ben".*,  .■e  it  is  possible  to  obtain  pure  preparations  with  m.p.  118-119* 
for  p-iodomandelic  acid.  The  values  which  we  found  for  the  solubility  of  the  reagents  in  water  at  20*  ate  given  in 
Table  1. 

Study  of  rrccipitatioo  of  Scandium  with  p-Haloger>omandelic  Acids.  In  order  to  establish  the  optimum  condi¬ 
tions  for  precipitating  scandium  we  studied  the  effect  of  the  amount  of  the  reagents  and  of  the  pH  of  the  solution  by 
a  method  described  earlier  [11  It  was  feund  that  considerably  less  of  the  p-halogcnomindclic  acids  it  required  foe 

complete  precipitation  of  scandium  than  it  the  case  when  mandelic 
acid  is  used.  Usually  a  concentration  of  0,02  M  p-chloro-  or  p-bromo- 
mandelic  acid,  and  not  more  than  0.01  M  p-iodomandelic  acid, it  en¬ 
ough  to  entuie  precipitation. 


TABLE  1.  Solubility  of  Mandelic  Acid 
andiu  Halogcnated  Derivatives  in  Water 
at  20* 


Solubility  in 

water 

Acid 

moles 
per  liter 

g/^lter 

Mandelic  Acid* 

1.0 

160.0 

p-FIuoromandelic  acid* 

0.57 

91.0 

p-Chloromandelic  acid 

0.12 

20.4 

p-Bromomandelic  acid 

0.11 

25.4 

p-Iodomandelic  acid 

0.022 

6.2 

It  is  cleat  from  Fig.  1  that  scandium  it  precipitated  in  the  acid 
range  by  p-chloro-  and  p-bromomandelic  acids  in  the  same  way  as  by 
mandelic  acid.  Complete  precipitation  of  scandium  iodomandclate 
occun  at  pH  about  1  and  higher;  in  the  alkaline  range,  however,  the 
interaction  products  of  scandium  with  the  given  acids  strongly  differ 
from  scandium  mandelate. 

Scandium  macdclate  is  readily  soluble  in  amrronia,  forming 
[NH4^[Sc(C,H«0|))].  to  that  at  pH  >  3.2  scandium  is  not  precipitated 
completely.  The  compounds  of  scandium  with  p-chloro-  and  p-bro¬ 
momandelic  acid  are  also  soluble  in  alkaline  media,  but  more  sparing¬ 
ly  soluble  than  scandium  mandelate.  The  chloromandclate  stansto  dis¬ 
solve  at  pH  4.0,  while  the  bromomandelate  starts  to  diuolve  at  pH  6. 
Moreover,  on  boiling  these  alkali  solutions,  rapid  hydrolysis  of  the  com¬ 
pound  is  observed  with  partial  precipitation  of  the  hydroxide  or  basic 
salts  of  scandium.  Scandium  iodomandclate,  which  does  not  form  a  similarily  soluble  complex  compound,  hydrolyzes 
when  subjected  to  the  effect  of  ammonia,  and  all  the  precipitate  is  converted  into  scandium  hydroxide.  It  follows 
from  these  observations  that  the  introduction  of  a  halogen  into  the  benzene  ring  of  mandelic  acid  leads  to  a  decrease 
in  the  stability  of  the  complex  compounds  of  scandium  in  an  alkaline  medium. 


'The  results  on  the  solubility  of  mandelic 
acid  and  p-fluoromaudclic  acid  determin¬ 
ed  by  Belcher  et  aLhave  been  iiKluded  for 
comparison  [3L 
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Next  we  detennlaed  tbe  compcsitioo  ci  the  cocnpoaoJi  isolated  from  acid  media  aod  washed  with  ether  and  edi* 
aool.  Scandiora  waa  detennioed  by  calciniog  the  compottod  dried  at  110*  to  tbe  oxide,  while  the  organic  part  waa 
detennined  by  ceriroetric  tltiatioa  according  to  a  method  described  by  Verma  (4,51  The  water  of  cryttallizatioo  coo* 

tent  was  detennioed  by  difference  and  was  also 
coofinned  thermograviroetrically.  Tbe  compost* 
_  lion  of  tbe  compooodsf Table  2)  is  In  good  agree* 
**  ^  ^ ^  fonnula  H«[So(Hal . CaHsO^)^.  1%0, 

ff,  f  Y  where  Hal«a, Br.l, 

^  /  L  The imo^avi grams  of  scandium  balogeoo- 

'  j  f  maodelates (Fig.  2)  show  that  crystallization  wa- 

ter  coDUioed  in  tbe  compounds  is  removed  at 

*/  /  *^  \  120-160*.  Decomposition  of  the  compound  starts 

^  j  I  la  \  260-280*,  while  over  the  range  500  to  540* 

‘'ll  ••  \  the  compounds  are  coaverted  to  scandium  oxide. 


n - J ^ ^ fof  deierrainatioo  of  the  solubility  of  the 

series  of  compounds  of  scandium  with  mandelic 

Fig,  1.  Completeness  of  precipitation  of  icaodium  by  mandelic  *cid  aod  iu  halogeoo  derivatives,  the  precipitates 

acid  aod  iu  halogcoo  derivatives  as  a  funci.oo  of  tbe  pH  of  tU  obtained  were  washed  with  ether  and  ethanol, 

solutions.  -0-0-  scandium  rcacdelate;  -G-Q-  scandium  chlo-  »*  I'O*,  placed  in  flasks  and  then  shaken 

romandelate;  -A-  scandium  bfomorr.acielate;  -e-e-  Kandium  fot  about  40  hr  at  20*  until  equilibrium  was  rea* 
iodomandelate.  chcd.  Tbe  prccipiutes  were  filtered  off  at  the 

end  of  this  period  aod  scandium  determined  pho* 

metrically  in  a  known  volume  of  the  filuates.  Pxiulu  for  C<e  solubility  of  scandium  macdelate  and  halogenomande- 
latcs  in  water  arc  given  in  Table  3. 
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TAFLE  2.  Fes  :!u  of  Analyses  of  the  Compounds 


!  "  Sc. 

1 

Hal.C,lUfTb.‘?»  1 

HsO 

— 

Ccrr.pcrmd 

j  calcu-  1 
i  l-ste.d  , 

•  fo-jnd 

calcu¬ 

lated 

lOir.d 

calcu¬ 

lated 

found 

‘  ! 

1  1 

1  7  /.-i  ! 

RO.f.l 

1 

2.03 

2.C6 

mSciBr  C,lW''),i!  »xO 

1  <-/'• 

Vt  .♦  3 

2.« 

2.1! 

lM^a-C,HsO*M.i!/J 

■  '*."1 
i  1 

4.<^7 

CC.Wi 

01,26 

2.01 

1,87 

Determination  of  Scaciium  In  Solutiors  of  hi  Salts  and  In  the  Presence  of  the  Fare  Eanhi.  Results  for  determi¬ 


nation  of  scandium  by  mearj  of  p-haloger^omaoidic  acids  are  given  in  Table  4.  The  methods  permit  determination 
of  milligtam  amounts  of  scandium  in  100  mJ  of  solution. 


TABLE  3.  Solubility  of  Scandium  ktandelate 
and  Halogenomandclates  in  Water  at  20* 


Compound 

Solubility  in  water 
o^fuer  1 

Scandium  mandelate 

8.8. 10'* 

0.03  S>86 

Scandium  chloromande- 

late 

1.6.10'* 

0.00896 

Scandium  bromomande- 

late 

1.3.10'* 

0.00904 

Scandium  iodomando* 
late 

6,5. 10** 

0.00537 

The  fsre  earths  arc  precipitated  by  these  acids  at  high  pH  val¬ 
ues.  For  example,  the  cMoro-  and  bfomomandclaici  of  the  rare  earth 
elements  of  the  cerium  group  are  precipitated  at  pH  values  higher 
than  3.5.  while  the  iodomandelaies  of  these  elements  arc  precipitated 
at  pH  about  2.5.  These  reagents  therefore  permit  separation  of  scan¬ 
dium  from  the  rare  earths. 

At  an  example  we  have  studied  in  detail  the  possibility  of  de- 
tcrmirtlng  scandium  in  tbe  preseiKe  of  cerium  group  rare  earths  by 
meant  of  p-btomomandclic  acid.  Experiments  showed  that  the  rar« 
earths  arc  partially  copcecipitated  with  scandium  when  only  one  pre* 
clpltation  Is  carried  out;  reprecipiution  is  therefore  necessary. 

Thorium  should  be  absent  since  it  is  alto  precipitated  by  the 
reagents  under  Indentical  conditions;  thorium  can  however  be  com* 
pltxed  with  citric  acid.  Table  5  contains  results  for  the  separation 
of  scandium  from  cerium  group  rare  eartha. 
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DcacMc  in  weight  of  prccipiutet 


Extr4Ction  of  the  Compoundt  with  Organic  Solvenii.  Scandium  maodeUte  U  intolubU  io  common  tolveou,  and 
It  only  noau  in  tome  of  them.  The  introduction  of  halogens  into  the  benzene  ring  of  mandelic  acid,  particularly  in¬ 


troduction  of  chlorine  and  bromine,  leads,  however,  to  an 


Fig.  2.  Thermogravigrams.  1)  Scandium  chloroman* 
delate:  2)  scandium  bromomandelate;  3)  scandium  io* 
domandelate. 


increase  in  the  exuactability  of  the  complex  comooundi. 
Scandium  chloro-  and  bromomandelatet  are  readily  extrac¬ 
ted  by  several  oxygen-containing  lolvenu.  e.g.,n-buunol, 
isoamyl  alcohol,  cyclohexanone,  ethyl  aceute,  and  other 
alcohols,  ketones,  and  esters.  They  are  insoluble,  however, 
io  ethyl  ether,  methanol,  ethanol,  benzene,  chloroform, 
carbon  tetrachloride,  etc.  Scandium  iodomandelate  floats 
and  it  not  exuacted  by  these  solvents. 

We  have  studied  the  extraction  of  scandium  chloro- 
and  bromomandelatet  with  isoamyl  alcohol.  98-100^  of 
the  scandium  compound  passes  into  the  organic  phase  io 
one  extraction.  Extraction  experiments  were  canied  out  as 
follows.  To  a  solution  (for  example  10-20  ml)  containing 
scandium  (S-100  pg)  we  added  hydrochloric  acid  or  am-- 
monia  to  control  the  pH.  Scandium  was  then  extracted  with 
a  0.01  M  solution  of  p-chloro-  or  p-bromomandelic  acid 
in  isoamyl  alcohol,  the  volume  of  which  was  the  ume  at 
that  of  the  aqueous  phase.  After  the  phases  bad  separated 
out,  scandium  was  determined  photomeuically  io  both  the 
aqueous  and  organic  phases.  The  scandium  io  the  organic 


pi;avc  S.1I  reextracted  with  1  N  hydrochloric  acid.  Fig.  3  shovis  the  relation  between  the  extraction  of  the  chloto- 
aoJ  brorr.orranJciates  oi  scandium  and  the  cerium  group  rare  earths  and  the  pH  of  the  solution;  it  follows  from  Fig.  3 
that  by  using  an  extraction  rrethod  it  is  possible  to  extract  microamounts  of  scandium,  and  to  separate  it  from  large 
amounts  ol  the  rare  earths.  Table  6  contains  results  on  the  separation  of  scandium  from  cerium-group  rare  earths  by 
extraction  of  the  bromomandelatet  with  isoamyl  alcohol  at  pH  3. 0-3.5. 

TABLE  4.  Determination  of  Scandium  in  a  Solution  of  tas  Salt  by 
means  of  p-HalogenomaDdellc  Acids 


Reagent 

taken 

found 

Error, 

I. (HI 

-*‘.02 

a-<:,M,CM(OH)COOH 

•  .  O.ot 

9.h« 

— O.Ol 

l.oi 

1  .«»d 

•  o.oi 

Br..C,H4-CmOH)COOH 

d.ui 

4-0.<XI 

lO.io 

10.10 

l»,98 

o,o« 

1  -C.H4-CH(0H)-C00H 

-1  O.iri 

0.88 

•  0,02 

TABLE  5.  Determination  of  Scandium  io  the  Presence  of  Cerium  Group  Rare  Earths  by 
Meant  of  p-6romomandelic  Acid 


mg 

takeJ  found 

Ratio  S<%0^  i 

:  (total  rare 
earths^  C\ 

No.  of 

preclpl- 

utiona 

Error,  m£ 

:i,03 

3.9ft 

1  :  t 

1 

-iO.OTs 

3,0:1 

3,00 

1  :  1 

-0,0.1 

10,10 

10,02 

1  :  t 

— 0,U8 

10,10^ 

10,  iS 

1  :  1 

2 

+0,00 

Sc^C^,  mg  j 

taken  found  . 
.  1 

1  1  • 
Ratio  ScjO,  :  a 

:(total  rare  LjS'O 

1  eartbsvex 

Error,  mgj 

2.02 

2,10 

1  :  10 

2 

!-O,0ft 

;i.03 

2.W 

1  :  10 

2 

-4».m 

1,01 

l.OH 

1  :  .V) 

2 

1  0,07 

l.Ul 

0,98 

1  :  lUU 

2 

—0,05 
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SUMMARY 


Fig.  3.  ReUUoo  bctweeo  exuactioo  of  balogenomaixie- 
Utes  of  tcaodlura  tod  of  the  cerium  group  rare  earths 
aod  the  pH  of  the  aqueous  phase.  >o>o*  Scandium  bco* 
momaDdelaie;  scandium  chloromandelate; 

bromomandelates  of  cerium  group  rare  earths. 


Precipiution  of  scandium  with  pohalogenomandelic 
acids  hat  been  studied.  The  composition  of  the  precipi¬ 
tates  formed  corresponds  to  the  formula  H|[So(Hal>C|HgO^)^* 
(where  Hal  >  a,  Br.  a 

Methods  have  been  developed  for  the  determinatioo 
and  separation  of  scandium  from  cerium-g^oup  rare  earths 
by  means  of  p-balogenomandelic  acids. 

Extraction  of  scandium  p-bromo"  and  p-chloroman- 
delates  with  water-immiscible  organic  solvenu  hat  been 
studied ,  and  it  bat  seen  shown  that  scandium  can  be  se¬ 
parated  from  cerium  group  rare  earths  by  exoactioo  with 
isoaroyl  alcoboU 


TABLE  6.  Separation  of  Scandium  from  Cerium  Group  Rare  Earths  by  Extraction 


ScjCS 

.i^g 

Ratio  St^O^  : 

:  (total  rare 
eanhshOt 

Error, 

St^C^. 

Mg 

Ratio  Sci^  s 
:  (toul  rare 
canhi)jO^ 

Error, 

Mg 

uken 

found 

taken 

found 

25,0 

2i.8 

1  :  50 

—0.2 

10.0 

10.0 

1  :  25<«i 

±0.0 

25.0 

24.5 

1  :  50 

•  — U.5 

i  10.0 

9.6 

1  :  250^1 

-0.4 

25.0 

2i.;t 

1  ;  25<» 

-0.7 

10.0 

9.6 

1  :  5f«i» 

—0, 4. 

25.0 

25.3 

1  :  iVi 

r0..3 

;  10.0 

10. 1 

1  ;  .5000 

-H).l 

15.0 

14.5 

1  :  ri<ii 

—0.5 

5.0 

5.1 

1  ;  5<»»» 

+0.1 

15.0 

15.0 

1  :  500 

-1-0.0 

5.0 

4.9 

1  :  .V'O 

-0.1 

15.0 

14. « 

1  :  losi 

-0.4 

5,0 

5.7 

1  :  iu«i» 

+0.7 

15,0 

14. K 

1  :  UM» 

-0.2 

•  5.0 

5.8 

1  :  lOUU 

-rO,8 
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od$c*l  hl*t*iur*  m*y  w*ll  be  *v*il*bl»  In  Engtith  tr*n*l»l.on.  A  complete  Hat  of  the  cover>to- 
cover  Engliah  translationa  appears  at  the  back  of  this  lasua. 
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f PICTROCRAPHIC  DETERMINATION  OP  GERMANIUM 
AND  OTHER  ELEMENTS  IN  ORES  WITH  SULFIDATION 
OP  THE  LATTER  DURING  THEIR  EVAPORATION* 

A.  K.  RuiaooT,  V.  M.  Alekseeva,  aod  N.  V.  Il'yaiova 

All'Unioa  Scieotlflc  Research  Institute  of  Mineral  Raw  Material,  Moscow 
Traoslated  from  Zhuroal  Aoaliticbeskoi  Kbimil,  VoU  16,  No.  S, 
pp.  284*291,  May*J'jDe,  1961 
Origirtal  article  tubm'tted  April  28, 1960 

Increasing  the  Seositivity  of  li  t  DetermiDation  of  Elements  during  Sulfidatlofl  of  Samplei.  The  fractional  eva- 
poratioo  effect  b  used  very  widely  during  spectiographic  determioatioa  of  small  amounts  of  elements  in  ores,  minerals, 
aod  other  objects.  When  the  rate  of  fractional  distillation  of  compounds  of  the  test  elements  U  high  enough,  tLe  coo* 
cenuatloo  of  their  atoms  in  the  cloud  of  the  light  source  increases  significantly,  the  intensity  of  the  lines  of  the  ele¬ 
ments  irKreases  with  respect  to  the  background  of  the  spectrum,  aod  consequently  the  seositivity  of  their  detetmina- 
tioo  Increases. 

The  use  of  fractional  evaporation  of  elements  for  increasing  the  sensitivity  of  their  determination  U  only  poul- 
ble  in  some  cases  by  effecting  conespondlng  changes  io  the  cliemical  composition  of  the  test  materials.  This  can  be 
realized  during  the  evaporation  peocess  io  the  spectrum  excitation  source  by  adding  appropriate  reagents  to  the  test 
material  [1'5L  The  basic  condition  which  decides  the  choice  of  reagent  b  that  formation  of  readily  volatile  compound 
of  the  impurity  elements  should  proceed  sufficiently  rapidly,  while  the  elements  present  in  large  amounts  io  the  test 
material  should  form  compounds  which  are  sparingly  volatile  compared  with  compounds  of  the  impurity  elements. 

Our  observations  show  that  an  appreciable  increase  in  the  sensitivity  of  determination  b  observed  In  many  casea 
for  elements  which  form  readily  volatile  sulfides,  on  adding  sulfur  powder  to  test  oxide  and  other  ores,  and  evaporating 
the  mixture  of  powders  in  a  reducing  medium  from  the  electrode  crater  of  a  carbon  arc  used  for  spectrum  excitation. 
Under  such  conditions,  one  would  expect  the  greatest  increase  in  sensitivity  for  those  clemenb  whose  sulfide  compounds 
differ  sharply  from  theb  oxide  compounds  in  theb  vaporizabillty. 

In  Fig.  1  b  shown  a  comparbon  of  the  duration  of  evaporation  of  equal  atomic  amounts  of  elements  when  they 
are  introduced  into  the  crater  of  a  carbon  electrode  in  the  form  of  theb  sulfides  or  oxides,  in  the  absence  of  compounds 
of  ether  elements .  lx  10"*  g.aiom  of  the  respective  elements  was  evaporated  from  the  crater  of  a  cirbot'  electrode 
3.5  mm  in  diameter  and  5  mm  deep.  The  arc  was  fed  with  an  ac  current  of  8  amp,  220  v.  The  amount  by  weight  of  the 
evaporated  compounds  was  varied  in  accordance  with  theb  molecular  weight;  the  weights  used  varied  from  5  to  25  mg. 

51  Tl  U  NiCi 

Oxides  ^  I  ^  ,  I  , 

I  f  2  J  4  min 

5ii  Ph.5b  la  Ni  Cl 

SulRdea  . . . . . . . 

I  /  2  J  4  min 

Fig.  1.  Duration  of  evaporation  of  1  x  10**  g*  atom  of  the  ele* 
menu  io  the  form  of  theb  sulfides  aod  oxides  from  the  cratei 
of  an  ac  carbon  electrode  arc. 

As  Fig.  1  shows,  on  switching  from  the  oxides  to  the  cocrespoodUig  sulfides  a  very  significant  increase  In  the  rate 
of  evaporation  b  observed  bi  the  case  of  germanium;  the  evaporation  rate  of  lead  sulfide  aod  particularly  of  tin  sul* 

*  Reported  at  the  All-Union  Conference  on  the  Analysb  of  Rare  and  Semiconducting  Elements,  convened  by  GEOKhl, 
AN  SfSR  (Moscow,  December  1959)  and  at  the  Conference  on  Specbographic  Analyse  of  Ores  for  Rare  and  Scattered 
Elemenu  oonvened  by  the  Mlnbby  of  Geology  and  Conservation  of  Mineral  Resources  of  the  USSR  (Tashkent,  April 
19591. 
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fide  alto  exceeds  the  evaporation  rate  of  their  oxides.  No  large  dlfferencei  are  observed  In  tbe  rate  of  evaporation  of 
oxide  and  sulfide  compounds  of  the  remaining  elemenm 

It  should  be  noted  that  on  twitching  from  oxides  to  sulfides  the  change  In  evaporation  conditions  shown  In  Fig.  1 
Is  only  maintained  in  those  cates  where  the  elements  are  present  in  the  test  ore  In  the  form  of  oxides,  distributed  as 
Itolated  mechanical  impurities  which  react  rapidly  in  a  reducing  medium  with  sulfur,  and  do  not  react  with  the  main 
element  of  the  sample  to  form  new,  sparingly  volatile  compounds.  A  significant  Increase  In  tbe  sensitivity  of  deter* 
minatlon  Is  achieved  on  evaporating,  in  the  pretence  of  sulfur,  quant  and  silicate  powders  containing  tbe  oxide  com* 
pounds  of  microelements  which  tend  to  form  sulfides,  the  oxides  being  present  at  mechanical  Impurities, 


In  those  cates  where  the  elements  to  be  determined  are  present  in  the  form  of  Isomorphout  Impurities,  or,  after 
fusion  of  the  test  umpl^  enter  into  the  composition  of  the  melts  formed,  the  chemical  composition  of  the  melts  af* 
fects their  capacity  to  evaporate.  In  this  connection  therefore  there  may  be  a  divergence  from  the  changes  In  evapots* 
tion  rate  of  the  elemeou  on  going  from  oxides  to  sulfides  shown  in  Fig.  1.  Accordingly,  In  choosing  reagents  wlUds 

modify  the  composition  of  the  test  umpie  during  its  evaporation,  one  must  be 
fg  guided  not  only  by  the  capacity  of  the  Impurity  elements  to  form  readily  vola* 

tile  compounds  in  an  isolated  state,  but  also  by  the  capacity  of  the  melts  of  the 
^  \  freshly  formed  materials  to  retain  the  Impurity  elements. 


\ 


Fig.  2.  Change  in  blackening  of 
lines  of  Impurity  elements  pre¬ 
sent  at  oxides  during  evaporation 
cf  i;oa  oxide  fre.m  a  carbon  elec¬ 
trode  crater. 


The  effect  of  the  composition  of  the  melts  on  the  evaporation  rate  of  the 
elements  h  shown  most  often  in  those  cases  where  the  oxides  are  a.ialyzed;  coo* 
sequently,  sulfidation  of  oxide  ores,  whose  melts  in  many  cases  retain  the  test 
elements  fairly  strongly,  has  undoubted  practical  importance.  Thus  during  eva¬ 
poration  of  iron  oxide  ores,  the  melts  of  the  latter  strongly  retain  germanium,  tin, 
and  antimony,  and  separate  pa''sgc  of  these  elements  and  iron  into  the  arc  cloud 
is  iiT^posslble.  Tlie  Ilrtes  of  germanium,  tin,  and  antimony  are  observed  together 
viTh  those  of  Iron  in  the  spectrum  of  the  ztc  cloud  tluoughout  evaporation  of  an 
iron  ore  from  xhe  electrode  crater  (Fig.  2). 

The  picture  of  the  change  in  intensity  of  the  lines  of  germanium,  antimony, 
and  tin  is  totally  different  when  a  mixture  of  irvti  oxides  and  sulfur  in  the  pro¬ 
portion  2:1  Is  evaf>oratcd.  Uoder  these  conditions  germanium,  tin.  and  antimony 
evaporaic  completely  in  50-90  sec  In  the  arc  cloud  from  the  melt  of  iron  sulfides 
formed  rapidly  in  the  clccuode  crater. 


Fig.  3.  Change  in  the 
blackening  of  lines  of  im¬ 
purity  elements  presetx 

as  oxides  on  evaporating  It  should  be  borne  in  mind  that  the  evaporation  conditions  indicated  in  Figs.  2-6 

a  mixture  of  iron  oxide  relate  to  the  case  where  the  arc  is  fed  by  an  ac  current,  force-ignited  by  high-frequency 

and  sulfur  from  a  carbon  currents]  there  b  a  spot  in  the  arc  at  which  there  b  less  heating  of  the  electrodes  than 

electrode  crater.  In  a  dc  arc  or  in  the  case  of  a  free  burning  ac  arc.  Thus  during  evaporation  of  ores  in  • 

dc  arc  from  the  crater  of  a  carbon  anode  the  passage  time  of  the  elements  b  shortened, 
and  it  b  possible  to  evaporate  from  silicate  melu  into  the  arc  flame  not  only  Hg,  As,  Pb,  Cd,  Bi,  and  Zn,  but  also  Ge, 
Sn,  and  $b  if  the  arc  b  allowed  to  burn  long  enough. 


Under  such  conditions  the  bon  mainly  psttes  Into  the  arc  cloud  only  after  complete 
evaporation  of  germanium,  tin,  and  antirrony.  thus  the  rlon  background  which  b  charac- 
tcrbtic  of  iho  spectrum  b  absent  on  the  Jiiccirogram.  A  comparison  of  Figs.  2  and  3  shows 
that  on  adding  ;ulfur  to  iron  oxide  ores,  U)c  time  taken  by  lead,  cadmium,  zinc,  and  bb- 
muth  to  pass  into  the  arc  cloud  b  also  shortened;  these  elements  evaporate  during  the  In- 
'  M  burning  stages  cf  the  arc.  An  examination  ot  Figs.  4  and  5  indicates  that  addiUoo 
oi  sulfur  to  quartz  containing  the  oxides  of  Lmpurlty  clerreoU  leads  to  rapid  evaporation 
of  chalcophlllc  elemenu  in  the  arc  flame. 

In  the  absence  of  sulfur,  part  of  the  impuniy  elements  present  as  oxides  succeed 
in  combining  with  the  quartz  before  evaporation  to  form  silicates,  and  when  the  melts 
are  not  heated  strongly  enough  are  firmly  retained  by  tbe  Utter. 


In  most  cases,  addition  of  sulfur  to  test  ores  containing  large  amounts  of  bon,  quartz,  and  silicates  leads  to  a  sig¬ 
nificant  increase  In  the  sensitivity  of  the  determination  of  elements  which  form  volatile  sulfides.  Evaporation  of  about 
20  mg  of  bon  oxide  ores  in  the  presence  of  sulfur  from  the  electrodes  leads  to  an  Increase  in  the  sensitivity  of  deter¬ 
mination  from  1  X  10**  -  7  X  10”*  to  1  x  10"^  in  the  case  of  germanium. 
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iDcreaie  la  icmitivlty  ilcpeodt  to  a  Urge  extent  on  the  amount  of  sample  placed  In  the  electrode,  since  thli 
amount  determines  the  amount  of  miaoelemenu  p&uing  from  the  sample  Into  the  arc  cloud.  Accordingly,  the  high¬ 
est  sensitivity  is  achieved  on  evaporating  the  test  samples  from  chamber  electrodes  heated  independently,  up  to  10  g  ' 
of  test  matexUl  being  used  P,  6*91 


On  evaporating  0.4  g  of  an  iroo  ovide  ore  mixed  with  sulfur  from  chamber  electrooes  independently  heated.  It 
is  pouible  to  detect  1  x  10**  •  7  x  10**5»  of  germanium  on  the  basis  of  its  2651.2  A  line.  Under  these  condltiota  it  Is 

abo  possible  to  determine  1  x  10’**^  cadmium,  thallium,  tin,  antimony, 
bismuth,  arsenic,  and  zinc  in  iroo  oxide  ores. 

On  adding  sulfur  to  the  test  sample  a  vigorous  evaporation  of  sulfur 
in  the  arc  flarr.e  occurs.  The  ionization  potential  of  sulfur  (10.4  ev)  it  low< 
er  than  the  effective  Ionization  potential  established  in  an  arc  cloud  burn¬ 
ing  between  spectrogiaphlcally  pure  carbon  elecuodes;  the  appearance  of 
sulfur,  despite  the  fact  that  its  ionization  potential  b  high  enough,  leads 
during  the  InltUl  stages  of  burning  to  a  drop  in  flame  temperature  from 
7400  to  4600*K.  Subsequently  the  arc  temperature  iiKreases  rapidly  as  the 
sulfur  evaporates. 

The  indicated  change  in  flame  temperature  b  stable  in  character, 
and  only  depends  to  a  small  extent  on  the  composition  of  the  test  samples 
in  those  cases  whe teethe  latter  do  not  contain  a  large  amount  cf  elements 
which  occur  early  on  in  the  volatility  series  of  the  sulfides  in  a  carbon  arc 
(101 


Fig.  4.  Change  in  blackening  of  lines 
of  impurity  elements  present  as  oxides 
on  evaporating  quartz  from  a  carbon 
elecuode  crater. 


Fig.  5.  Change  in  blackening  of 
lina  of  elements  present  as  oxides 
on  evaporating  quartz  mixed  with 
sulfur  from  a  carbon  electrode  cra¬ 
ter. 


It  should  also  be  pclnted  out  that  addition  of  sulfur  to  samples  be¬ 
ing  evaporated  detemilnes  to  a  large  extent  tvot  only  the  way  In  which  the 
flame  temperature  changes,  but  also  the  conditions  for  diffusion  removal  of 
the  Impurity  clerrer.ts  from  the  arc  cloud.  Accordingly, addition  of  sulfur  favors 
an  Increase  in  the  reproducibility  of  the  determination  of  trace  elements  pass- 
L''ig  simultaneously  with  sulfur  Into  the  arc  cloud.  Addition  of  sulfur  also  pre- 
veetj  sputtering  of  the  sample,  sputtering  being  freipjcntly  observed.e.g,,dur- 
ing  evaporation  of  iron  oxide  ores. 

Quantitative  Determination  of  Germanium  In  Iron  Oxide  and  Sulfide  Ores, 
Silicates,  and  Coal  Ash.  Most  published  methods  for  the  quantitative  determi¬ 
nation  of  1 X 10*^  -  4  X  lO"*'/*  germanium  arc  based  on  evaporation  of  test  ores 
and  coal  ash  from  the  crater  of  a  carbon  elecuode,  from  the  surface  of  a  rou¬ 
ting  metallic  e’ectrode  or  from  paper  strips  [12-21],  An  article  has  been  de¬ 
voted  to  the  determination  of  germanium  in  iron  oxide  ores  [1]  in  which  use 
b  made  cf  the  increase  in  the  germanium  line  with  respect  to  the  iron  lines 
and  to  the  spectrum  background  during  the  initial  moments  of  evaporation  of 
the  ore.  The  incomplete  evaporation  of  germanium  observed  in  this  case  U 
determined  by  the  relationship  between  the  results  and  the  composition  of  the 
test  ore. 


During  the  search  for  germanium  in  iron  oxide  ores  a  method  which  attracted  attention  was  one  which  permit¬ 
ted  determination  of  4  x  10**'^  germanium;  gcmsanium  detennination  was  based  on  blowing  the  powdered  ore  into 
the  cloud  of  a  horizontally  arranged  ac  arc  [22>  using  this  blowing  techniqur;  iiKomplete  evaporation  of  the  germaoi- 
um  from  the  ore  was  again  observed. 

As  noted  earlier,  conditioiu  for  complete  and  rapid  evaporation  of  genranium  ate  atuined  on  sulfidatioa  of 
Iron  oxide  ores  during  their  evaporation  from  the  crater  of  a  carbon  electrode. 

-  Additions  to  iron  oxide  ores  of  reagents  (SnCl|,  CuCI|)  which  are  capable  In  a  reducing  medium  of  forming 
volatile  germanium  chlorides,  and  abo  addition  of  crystalline  iodine,  which  gives  volatile  germanium  iodides,  as  ia 
evident  from  Figs.  6  and  7,  do  not  give  better  results  than  those  obtained  when  the  germanium  b  evaporated  from 
boo  oxide  ores  by  addition  of  sulfur.  The  charactcrbtic  way  in  which  germanium  passes  into  the  arc  cloud  during 
evaporation  of  a  mixture  of  an  ore  with  iodine  u  determined  by  the  fact  that  a  considerable  amount  of  germanium 
docs  not  succeed  in  reacting  with  iodine,  since  tlie  latter  volatilizes  vety  rapidly  from  the  electrode  crater. 
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Neither  does  gennaolum  dUtlll  Into  the  arc  cloud  with  the  requisUe  rapidity  and  completeness  on  adding  vari¬ 
ous  ulu  of  the  alkalimetals  (Ka,  Kl.  KfO^  etc.)  or  oo  addUlon  of  pousslun:  pyro-aptimonate;  these  salts  lower  the 
temperature  of  the  arc  and  the  melt  and  favor  distillation  with  them  of  the  volatile  compounds  of  the  elements  from 
the  melt. 


Fig.  6.  Change  in  blackening  of  lines  of 
impurity  elements  present  as  oxl(Jes  during 
evaporation  of  iron  oxide  mixed  with  SoCl| 
and  CuClt  from  a  carbon  electrode  crater* 
SnClj  *  Cta^lg  —  —  —  • 


Analytical  Procedure,  The  test  powder  of  iron  oxide  ore  is  mixed 
in  the  proportion  of  2:1  with  powder  consisting  of  equal  parts  by  weight 
of  sulfur  and  quanz.  and  the  whole  ground  in  an  agate  mortar  in  the 
presence  of  alcohol.  0.9^  of  antimony  oxide. which  is  used  as  an  inter- 
oal  standard. is  added  beforehand  to  the  powder. which  b  mixed  with 
test  ore.  Sixty  mg  of  the  mixture  of  ore,  sulfur,  and  quartz  powder  to 
introduced  into  the  opening  in  a  spectrographlcally  pure  carbon  elec¬ 
trode.  The  diameter  of  the  opening  U  3.5  mm  while  its  depth  b  5  mm, 
and  the  wall  thickness  b  1  mm.  Thb  electrode  b  fixed  at  a  dbtance 
of  3  mm  below  the  upperelectrode. which  b  a  spectrographlcally  pure 
caiboo  elecuode  sharpened  to  a  cone.  The  electrodes  are  fixed  by 
means  of  theb  shadow  projections  in  a  position  which  will  ensure  that 
during  the  first  moments  after  the  arc  hat  been  ignited  the  image  ob¬ 
tained  of  the  central  part  of  the  arc  flame  will  fall  oo  the  diaphragm 
of  the  intermediate  lent.  The  slit  b  illuminated  by  means  of  a  three- 
lens  illuminating  system.  The  spectra  are  photographed  with  an  ISP- 
28  quartz  spectrograph  '‘Specuographic*  Type  2  plates,  with  a  tensitl- 


Fig.  7.  Change  in  blackening  of 
lines  of  impurity  elements  pre¬ 
sent  as  oxides  during  evaporation 
of  boo  oxide  mixed  with  iodine 
from  a  carbon  elccuodc  crater. 

each  time  be  careful  mixing  and 

TABLE  1 


vity  of  16  COST  unitu  The  arc  U  fed  with  a  current  of  8  amp  at  220v  from  a 
DC -2  ac  arc  generator. 

The  spectra  arc  photographed  in  the  course  of  the  fbst  100  sec  after  the 
arc  has  been  ignited;  thb  tim.e  b  sufficient  for  all  the  germanium  to  evaporate 
from  the  test  umple. 

Calibtition  curves  constructed  within  the  coordinates  vslogC  arc  used  for 
calculating  the  germanium  cocccnuation  of  test  samples.  When  the  germanium 
cofjcentratlons  in  the  samples  are  low  (0.0001 -0.0002>)  the  curves  are  conitruc- 
ted  within  the  coordinates  log(I/l,^j  j,^^^j^)  vs  log  C;  the  background  inten¬ 
sity  IS  rjbtracted  from  the  line  intensities. 

Standard  ore  umples  whose  germanium  contents  have  been  established 
fably  accurately  by  chemical  analpis  are  used  for  constructing  the  calibratloa 
curves.  Whe-a  no  ore  samples  are  available  whose  gennanium  contents  have  been 
citablbhcd  chemically,  ore  powders  free  from  germanium  can  be  takeu  and  krrowo 
welglits  of  germanium  dioxide  added  to  them.  Standard  powden  are  prepared  by 
successive  dilution,  2*3  times,  of  a  standard  powder  with  a  high  germanium  con- 
tcr/t  with  ore  free  from  germanium.  The  dilution  process  should  be  accompanied 
grinding  of  the  powders  in  an  agate  moitar. 


Atulytical 

lines 

CotKcntratioo 
ranges  over 
which  germani¬ 
um  was  deter¬ 
mined.  /* 

Lines  of  intet- 
feringele- 
meots 

Conbol  lines 
of  interfering 
elemenb 

Ce  12651.18  and 

Sb  2670.64 

0.0001-0.01 

Pb  bands 
2647-2659 
Zd  2670.53 

Zo  2682.8 

Ge  1 2651.18  and 

Sb  I  2877.92 

0.0001-0.01 

Pb  bands 

2647-2659 
Cr  2877.98 

Cr  2875.99 

Approximate 
concentratico 
of  interferins 
elements,  > 


>10 
>  5 


>10 

>l 
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Table  1  contaLm  the  wave  leogthi  ci  the  analytical  pain  of  lioea,  the  gennaniuin  conceotratioa  raogea  <Seter* 
mined,  and  the  line*  of  elements  which  interfexe  with  gexmanium  deteimination. 

Experience  has  shown  that  the  technique  suggested  can  be  used  for  analyzing  not  only  iron  oxide  ores  but  also 
iron  sulfide  ores,  silicates,  and  coal  ash. 

When  oies  are  coaverted  into  sulfides,  the  effect  of  comparatively  sparing  volatile  foreign  elements  present  in 
large  aiuounu  in  the  test  umple  decreases,  and  changes  in  the  composition  of  the  test  sample  over  reasooable  limits 
do  not  lead  to  the  appearance  of  systematic  errors.  As  an  example.  Fig.  8  illusuates  the  disuibution  of  points  on  the 
curve  constructed  within  the  coordiisates  ^S.  log  C  for  the  case  of  the  analysis  of  iron  oxide  and  iron  sulfide  ores  from 
different  ore  deposits,  and  for  coal  ash. 

Tables  2  and  3  contain  as  examples  comparisons  of  the 
results  of  chemical  and  spectrographic  analysis  of  oxide  and  sul¬ 
fide  ores  and  coal  ash  and  also  the  results  of  specuographic  ana¬ 
lysis  of  ore  samples  to  which  germanium  has  been  added. 

The  probable  enor  of  a  duplicate  determination  of  ger¬ 
manium  proved  to  be  The  error  may  increase  1.5*2  tiroes 
in  the  case  of  the  lowest  germanium  contents. 

The  technique  indicated  has  been  used  over  a  long  period 
for  the  analysis  of  iron  oxide  ores  containing  germanium.  One 
spccuoscopbt  in  the  course  of  a  working  day  can  analyze  15  ore 
Mmples  for  their  germanium  content. 

As  noted  above  the  sensitivity  of  the  determination  of 
germanium  in  ores  can  be  Increased  by  using  electrodes  which 
can  hold  a  larger  amount  of  test  sample.  In  such  cases,  however, 
the  reproducibility  in  the  values  obtained  for  germanium  is  ob¬ 
served  to  fall  off. 

polmetallic  ore;  □  coal  ash. 

TABLE  2 
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Fig.  8.  Relation  between  difference  in  blackening 
of  the  lines  Ge  1  2651.18  and  Sb  2670.64  aoi  ger- 
rrani'xji  concentration  of  a  test  sample.  •  lion 
oxide  ore;  o  magnetic  fraction;  x  martite  ore;  A 


Ge. 

Ge,*?* 

mean 

Error 

Composition  of  sample 

ipectro- 

graphically 

dicmlcally 

(relative). 

Iron  ore 

o.oa'.2 

o,oa;9 

1 

O,0(G0 

+4 

m  m 

o.tmv^j 

O.UiOtiOS 

+3 

m  « 

0,01 1|0 

0,0i»f9 

-5,5 

•  • 

o.an4 

0,0017 

0,(015 

-6,5 

Kl^netic  fraction 

0.0(t20 

0,0018 

0.0019 

+10 

n.noiO 

O.OO-'iO 

O.OOiS 

-4 

•  • 

O.nirvs 

o.tstori 

0.0OI.6 

+3 

•  m 

0,0012 

0,C«)17 

+4 

m  • 

O.trMKi 

o.otxr. 

O.rsMiG 

±0 

m  m 

O.dtisiO 

o,0(«»iri 

O.OOIVi'i 

-4,5 

Klartite  ore 

0,11  lOiG 

0,00050 

0,(VM)48 

-4 

•  • 

0.(S)t2 

0,0010 

0,0011 

+10 

-Hematite  ore  plus  (^artz 

O.tsxv'iO 

0,(»»H0 

0,00045 

0.00t>45 

0,001VI2 

0,0(012 

-4.5 

-4.5 

PolymeulUc  ore 

0,0»«2 

0.0028 

o.oaTt 

O.Oti'tG 

0.00.725 

0.(Xl31 

-1.S 

-iO 

Coal  ash 

o.o;v) 

0.020 

o.irjt 

+  7 

•  • 

0,(X)9 

0.010 

0.(Nl!)S 

+5 

•  • 

I  0,02.7 

0,02.5 

0,024 

-  4 

m  m 

0.0l>f4 

0,0045 

1  0,00143 

-10 

•  • 

0.no70 

0,(1077 

i 

0,0073 

-  4 
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SUMMARY 

A  study  hat  been  made  of  the  conditions  under  which  chalcophilic  elements  pau  Into  the  ai-t  cloud  during  eva* 
potation  of  ores  and  silicates  in  the  presence  of  sulfur. 

A  method  Is  suggested  for  the  analysis  of  oxide  ores,  coal  ash.  silicates,  and  other  materials  in  which  the  test 
materials  are  subjected  to  sulfidation  during  their  evaporation  from  the  crater  of  a  carbon  electrode;  this  technique 
opens  up  possibilities  of  increasing  the  scmttlvity.  reproducibility,  and  accuracy  of  the  determination  of  elements 
which  form  volatile  sulfides. 

Sulfid.>ti.c>n  of  'ampler  b  particularly  effective  In  the  analysb  of  iron  oxide  ores,  in  which  it  b  very  difficult  to 
determine  low  g(.rmanium  contents. 

When  electrodes  of  the  usual  type  containing  CO  mg  of  a  mixture  of  test  sample  and  sulfur  are  used,  it  b  possi¬ 
ble  to  determine  quantitatively  0.0002^  of  germanium  in  ores,  silicates,  and  coal  ash  with  an  error  of  use  of 
chamber  electrodes  capable  of  holding  larger  samples  leads  to  a  10*  to20*fold  Incresse  in  sensitivity. 
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Reagents  containing  the  arsono  group  [1-7]  have  found  wide  application  for  the  photometric  determlnatioo  of 
uranium.  Among  these,  azo  derivatives  of  chromotropic  acid  with  the  anoco  group  in  the  position  ortho  to  the  ato 
group  have  proved  particularly  effective  for  this  purpose;  this  is  especially  true  of  2-{2-anonoticozeneazo)*l,8’dihy- 
droxy naphthalene -3.6-disuIfoaic  acid. often  called  uiaoon  or  arsenazo  [8,9^ 


Since  phosphoric  acid,  which  is  similar  in  many  respects  to  anenic  acid,  forms  more  stable  compounds  with  seal- 
and  quadrivalent  uranium  than  does  arsenic  acid,  it  might  be  expected  tha:  the  corresponding  organic  derivatives  of 
phosphoric  acid  should  also  form  more  stable  compounds  with  uranium.  In  this  connection  a  study  of  the  corresponding 
organic  derivatives  of  phosphoric  acid  is  of  Interest  aod  worth  carrying  out. 


The  absence  of  publbhed  resul.ts  on  the  u;e  of  colored  organic  reagents  containing  the  atomic  group  POjH|  foe 
the  photoriKtrlc  determination  of  a  series  of  metals,  Including  uranium,  b  a  consequence  of  the  fact  that  no  methods 
are  known  for  preparing  the  corresponding  compounds.  Several  of  these  compounds  arc  t-cing  synthesized  at  present 
by  Lukin  el  al.[10^  The  prerent  article  contains  results  of  a  study  of  2-(4-chloio-2-phosphobcnzeneazo)-l,8-dthydroxy- 
r.aphthalcnc-3,6-dbulfonlc  acid  (which  we  have  designated  chlorphosphonazo  I  for  short)  as  a  reagent  for  the  photo¬ 
metric  determination  of  scxivalent  uranium.  The  composition  and  structure  of  chlotphosphonazo  I  correspond  to  the 
formula: 


HO  OH 


Chlorphosphonazo  I  U  very  soluble  in  water;  neutral  and  acid  solutions  have  a  red  color,  while  alkallrse  solutions 
are  violet.  Weakly  acid  solutions  of  chlorphosphonazo  have  a  maximum  light  absorption  at  SIS  m^j  (tee  Fig.  1,  Curve  1). 
The  position  of  the  absorption  maximum  b  Independent  of  pH  over  the  range  4.0-7.S(sec  Fig.  2,  Curve  1).  On  adding 
a  number  of  metals  to  weakly  acid  solutions  of  chlorphosphonazo  I  the  color  of  the  solutions  change  from  red  to  violet} 
in  the  case  of  scxivalent  uranium  to  blue.  Chlorphosphonazo  1  behaves  in  the  same  way  as  arseisazo,  which  also  only 
forms  a  blue  color  with  scxivalent  uranium.  The  light  absorption  maximum  of  solutions  of  the  compound  of  chlor¬ 
phosphonazo  I  with  scxivalent  uranium  occurs  at  SOS  m^  (see  Fig.  1,  Curve  2);  the  molar  extinction  coefficient  b 
23,100;  The  molar  extinction  coefficient  of  the  corresponding  compound  of  scxivalent  uranium  with  arsenazo  b  22,800 
[6],  or  22,900  according  to  other  results  [4].  Thus  the  sensitivity  with  which  utanium  can  be  determined  with  chlor¬ 
phosphonazo  I  b  approximately  the  ume  as  that  when  arsenazo  b  used. 

A  study  of  the  relation  between  the  li^t  absorption  of  solutions  of  the  compound  of  chlorphosphonazo  I  with 
scxivalent  uranium  and  pH  showed  that  the  shape  of  the  light  absorption  curves  and  the  height  of  the  maximum  (Fig.  2 
curve  2)  hardly  change  at  all  over  the  range  pH  5.2-8.0.  The  light  absutpiion  of  solutions  of  the  compound  of  uranium 
with  chlorphosphonazo  I.  in  contrast  to  that  of  solutions  of  the  corresponding  compound  with  arsenazo.  is  independent 
of  the  pH  of  the  solutions  over  fairly  wide  llmlu;  the  value  of  the  light  absorption  of  the  corresponding  solutions  of 
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the  cofnpouod  of  lexivaleiM  utanium  with  anenaxo  b  different- foe  almoct  all  pH  values  [4^  As  a  result  of  thU,  dur¬ 
ing  deienninatioa  of  uranium  by  means  of  chlorphotphonazo  1.  small  variations  In  acidity  cannot  lead  to  changes  In 
light  absorption,  and  for  tbb  reason  do  not  affect  the  accuracy  of  uranium  determination. 

Chlorphotphonazo,  in  contrast  to  artenazo.  permiu  determinatiom  to  be  car« 
tied  out  in  more  acid  solutions.  ThU  b  another  advantage,  since  on  carrying  out 
determinations  at  lower  pH  values,  it  b  possible  to  diminish  or  completely  avoid 
interference  from  a  number  of  masking  agents  (urtrates,  citrates,  oxalates,  etby- 
lenedlamineteuacetlc  acldX 


Fig.  1.  Light  absorption  of  so¬ 
lutions  of  chlorphotphonazo  1 
and  of  its  compound  with  sexl- 
valent  uranium  as  a  function  of 
wave  length  (SF-4  spectropho¬ 
tometer;  cuvette  with  layer 
thickness  of  1  cm;  optical  den¬ 
sity  measured  relative  to  waterX 
1)  2  X  10**M  solution  of  chlor- 
phosphonazo  I,  pH  6;  2)chIor- 
phosphooazo  L2  x  and 

UCVNOjX  3x  10'*M,  pH  6. 


Chlorphosphonazo  interacts  with  sexlvalent  uranium  in  the  molar  proportion 
of  1:1  (Fig.  3).  Similar  resulu  were  obtained  both  by  the  bomolar  series  method, 
and  by  the  method  of  varying  the  concenuation  of  one  of  the  components  while 
that  of  the  other  component  b  kept  consunt.  The  sharp  break  on  the  curves  indi¬ 
cates  that  the  compound  formed  hat  a  fairly  high  subility.  On  the  barb  of  the  re¬ 
sults  obtained,  the  instability  consunt.  calculated  on  the  basb  of  the  bomolar  se¬ 
ries  method  pi]  was  found  to  be  4  x  10'*  thb  b  creater  than  the  ccrrespoodlng 
value  for  the  arsenazo  vompound. which  b  10**  [6^ 


In  order  to  estabibh  the  extent  of  interference  from  other  elements  preKnl 
on  the  determination  of  sexivalen:  uranium  by  means  of  chlorphosphonazo  I,  the 
amount  of  a  particular  element  which  would  lead  to  an  enor  of  5^  in  the  deter- 
minatloQ  of  uranium  was  determined.  For  thb  purpose,  1.5  x  10~*  mole  of  uranyl 
nitrate  (3.57  ml  of  a  solution  containing  0.100  mg  uranium /ml)  was  introduced  in¬ 
to  each  of  five  100-ml  standard  flasks;  to  the  first  four  flasks  were  then  added  vari¬ 
ous  amounts  of  a  solution  of  the  element  whocc  interference  it  vat  required  to  study,  and  the  volume  of  the  liquid  in 
each  flask  was  made  up  to  86-00  ml.  Next,  2*ml  lots  of  an  acetate  buffer  with  pH  5.5  were  added  and  3.0-ml  lots  of 
0.001  M  chlorphosphonazo  solution;  the  volumes  of  the  solutions  in  each  flask  were  made  up  to  the  mark  with  water 
and  the  optical  density  measured  on  a  SF-4  spectrophotometer  at  60S  mm  in  a  cuvette  with  a  layer  thickness  of  1  cm 

The  value  of  tt>e  optical  density  of  the  solution  free  from  the  interfering  element  was 
taken  as  ICKh*.  A  curve  of  optical  density  (‘>)  against  content  of  interfering  element 
was  then  constructed.  From  this  curve  the  amount  of  Interfering  element  which  would 
increase  or  decrease  the  optical  density  by  was  determined  (Table  1). 

The  alkali  and  alkaline  earth  elements,  as  well  as  ions  such  as  chloride,  nitrate, 
sulfate,  perchlorate,  and  acetate,  do  not  Interfere  with  uranium  determination. 
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Fig.  2.  The  relation  be¬ 
tween  light  absorption  of  so¬ 
lutions  of  chlorphosphonazo 
1  and  of  its  compound  with 
sexivalent  uranium  and  pH 
(SF-4  spectrophotometer,  cu¬ 
vette  with  layer  thickTiess 
1  erh;  optical  density  was 
measured  relative  to  waterX 
1)  2x  10’*,oiutloa  of  chlor- 


As  the  results  in  Table  1  show,  there  is  no  essential  difference  in  the  interference 
from  metal  catirns  on  the  results  of  uranium  dctermiination  whether  chloiphosphonazo 
I  or  arsenaze  are  used.  Anions  under  the  same  conditions  interfere  to  a  considerably 
lesser  extent.  In  thb  connection  masking  of  Literfering  elements  during  determiration 
of  uranium  with  chlorphosphonazo  I  b  more  effective  than  b  the  case  when  arsenazo  b 
used. 

Since  interference  from  a  number  of  elements  b  fably  high  during  determlnatioo 
of  uranium  in  solutions  which  have  a  complex  composition,  it  b  necessary  to  carry  out 
a  preliminary  separation  of  uranium  by  cxuaction  with  tributyl  phosphate  or  other  ex- 
Dacunts. 


Method.  To  1-5  ml  oT  test  solution  b  added  25  ml  of  a  6Cf^  ammonium  nitrate 
solution  containing  0.25^  sodium  eihylenediaminetetracetave  (EDTA-NaX  dilute  am¬ 
monia  solution  (1:1)  b  next  added  until  the  pH  b  2.5-3.0  (until  the  violet  color  of  me- 
thanyl  yellow  changes  to  a  rosy  yellow)  and  tie  uranium  extracted  with  15  ml  of  a  2(f% 
solution  of  txibutyl  phosphate  in  carbon  tetrachloride;  the  organic  phase  b  filtered  throu^ 
a  dry  filter  into  another  funnel.  The  aqueous  layer  b  extracted. once  again  with  10  ml 
of  the  20^  solution  of  iribuiyl  phosphate  in  carbon  tetrachloride.  The  combined  ex¬ 
tracts  are  washed  with  25  ml  of  60^  ammonium  nitrate  solution,  and  after  removal 
of  the  aqueous  phase,  the  uranium  b  teexttacted  from  the  organic  phase  with  15  ml  of  a  0.009^  solution  of  chlorphot¬ 
phonazo  1  in  a  buffer  mixture  with  pH  5.2  (25  g  of  sodium  acetate  and  5  ml  of  glacial  acetic  acid  in  1  liter  of  solu- 


phosphonazo  1  at 
mp;  2)  solution  of  the  com¬ 
pound  at  =  605  mp 
(chlorphosphonazo  1  concen¬ 
tration  2  X  10“*M;  concentra¬ 
tion  of  UO,(NO,),  3X  10‘‘M. 
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TABLE  1.  The  Interfering  Effect  of  Elemenu  on  tbe  Fbotometric  Detemiinetioo 
of  Urenlum  with  Chlorphoiphooezo  end  Aneneso 


Interfering 
elements  of  ioiu 

The  form  In  which  the 
element  or  loo  was  uken 

Proportlon,by  weight  of  interfer¬ 
ing  element  or  ion  to  amount  of 
uranium,  which  leads  to  an  error 
Jil in  uranium  determination 

chlotphos- 

phonizo 

arsenazo 

Al 

AI(N0,),-9H,0 

1  : 70(+)* 

1  : 70(+) 

Be 

B«<NO,)a-3HiO 

t  :  70(+) 

1  :  70(+) 

Sn'V 

SnCU 

1  :  35(-) 

1  :30(-) 

Zr 

Zr(N0,)4-5H,0 

1  :  20(+) 

1:25(+) 

Cu 

Cu(N0,)i;»H,0 

1:20(-) 

— 

Fe'" 

FcvNO,),-9HjO 

1  :  15(+) 

1  :  15(+) 

Til 

Th|N0,)..4H,0 

1  :  12(+) 

1  :  15(+) 

Hi 

Bi(NO,),-5HtO 

1  :  12(-) 

— 

Tc'“ 

Tl(NO,i, 

1  :  12<-) 

— 

Tc' 

Tl.SOa 

1  :  7.5(-) 

— 

Ce*'' 

Ce 

1  :  5(+) 

— 

Rare  earths 

Nitrates 

1  :  3.5(-t-) 

— 

Hg" 

1  :  3.S(-) 

y.V 

(VO)S()4 

1  :  3.5(-) 

— 

Co 

Co(N(),)| 

■J  :  !(-) 

— 

Mil" 

Mn(SO,>» 

3.0  ;  1(+) 

— 

CfW 

O(N0,),- 911,0 

3.0  :  1(+) 

— 

Ni 

Ni(NO,», 

10:  i(-) 

— 

Cd 

:»»  ;  K-H) 

—  • 

Zn 

Zi-lNO,), 

7.1 :  l(-) 

— 

c,n»o;’ 

Ammonium  citrate 

3.5  :  !{-) 

1  :  1 

c.ii,n;- 

Potassium  tartrate 

15  ;  l(-) 

4  :  1 

Pouoiitn  oxalate 

1  :  l(-) 

1  :  4 

EDTA-Na 

r, :  l(-) 

■J  :  1 

F- 

M1,F 

3  :  l(-) 

1  :  4 

vo; 

Nil,  VO, 

10  :  l(-) 

2  :  1 

POJ* 

NjjUPO, 

15  :  l(-) 

3  : 1 

(>.(>* 

KjCfrO, 

70  :  l(_) 

10  ;  I 

•The  ♦  ligo  denotes  a  pcsitive  error,  while  -  denotes  a  negative  error. 


TABLE  2.  RVoiomeuic  Detemilnitioa  of  Scxlvalent  Urar.ium  with  Chlorphosphonazo 


uvi 

taken. 

-JIS _ 

C^tical  den* 
sity  of  the 
aqueous  phasi 

found. 

\  Mg 

Error, 

KJ 

{'uken, 

1  Mg 

optical  den* 
sity  of  the 
atiucous  phas< 

Ijvi — 
found. 

Mg 

Error, 

5 

0,034 

5,00 

0 

75 

0,5<i7 

74,rd» 

— O.fi 

10 

0,069 

10,15 

+1.5 

100 

0,685 

1(K>.7 

+0.7 

15 

0.103 

15,15 

+1,0 

125 

0,815 

121.2 

-4),6 

30 

0,‘AW 

29.  H5 

-0.5 

i:.o 

1,010 

118.5 

-1,0 

50 

0,337 

19,59 

-0.9 

1 

tlon).  After  removal  of  the  organic  phase,  the  optical  density  of  the  colored  aqueous  phase  b  measured  on  an  SF-4 
spectrophotometer  at  605  mp  In  a  cuvette  with  a  layer  thickness  of  1  cm,  relative  to  a  O.OOS^  chlorphosphonazo  solu* 
tlon.  Tbe  uranium  content  Is  found  by  means  of  a  calibration  curve  (Fig.  4);  the  calibration  curve  Is  constructed  on 
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tbe  basis  of  a  suodatd  tolatloa  of  uraoyl  nitrate  cooulniog  2S  |ig  uranlum/ml.  The  expcrlmeoul  error  does  not  ex¬ 
ceed  s  1.9^  (Table  2). 

Zlrconiom.  thorium.  Iron,  beryllium,  and  aluminum  present  in  the  original  test  solution  In  amounts  respec- 
tireiy  150,  450,  500,  1500,  and  5000  times  greater  than  the  amount  of  uranium  do  not  interfere  with  the  determliM- 
tion.  Interference  from  ocher  elements  Is  considerably  less. 

m 

Sypthesb  of  Chlorphosphonazo.*  To  2.07  g(0.01  mole)  of  6-chloro-2- 
aminobeozenephosphonic  acid  (for  preparation  of  this  compound  see  (lOpate  ad¬ 
ded  30  ml  of  water  and  2  ml  of  concentrated  hydrochloric  acid;  a  solution  of 
0.85  g  sodium  nluite  in  5  ml  of  water  is  added  dropwise  at  0-7*.  The  solution 
of  5-chloro*2-diazoben£enephosphoaic  acid  obtained  is  added  to  5.0  g(0.1  mole) 
of  chromocropic  acid  dissolved  in  75  ml  of  109»  sodium  acetate  solution.  After 
the  reaction  mixture  has  been  stirred  for  10-15  min  it  is  acidified  with  hydro¬ 
chloric  acid  (sp.gr.  1.18)  until  an  acid  reaction  toCongo  red  is  obtained.  Tbe 
product  which  separates  out  is  filtered  off  and  then  redissolved  on  heating  In 
50  ml  of  water;  after  this  solution  has  cooled  the  material  is  re precipitated  by 
addition  of  25  ml  of  hydrochloric  acid.  The  precipitate  is  filtered  off,  washed 
with  ST«  hydrochloric  acid  solution,  and  dried  at  90-100*;  the  yield  b  2.6  g. 

When  the  product  b  heated  further  to  constant  weight  at  160*,  it  loses  8.78^  by 
weight;  this  ccnesponds  to  three  molecules  of  water  of  cryttallizaiioa 

Found  P  5.62;  S  11.48;  N  5.09;  Na  4.05 
Ci*HiiOuf^S,?ClNa.  Calculated‘S:  p  5.35;  S  11.41;  N  4.99;  Na4Lll 

SUMMARY 

It  has  been  shown  that  2-(4-chloro-2-phosphonoben2eneazo)-l,8-dlhydroxynaph- 
thalen<-3,6-duulfoDlc  acid  (called  chlorphosphonazol  forshort)li  suitable  for  the  pho- 
torretric  detrcfriratlon  of  sexivalent  uranium,  and  poisesjes  properties  similar  to  those 
of  2-<2-arser.ob<nrcneazo)-l,8-dihydxoxyaaphihaIcne-3,6-dbulfonlc  acid  (arsenazoX 
The  rrain  difference  between  chlorphosphooazo  I  and  arsenazo  b  that  the  compound 
which  chlorphoiphonazo  1  forms  with  sexivalent  uranium  b  more  stable  than  the  corres- 
poodLng  compound  formed  between  uranium  and  arsenazo,  so  that  uranium  can  be  detex- 
mLoed  in  solutions  with  higher  acidity  when  chlorpliosphonazo  I  b  used.  When  sexivalent 
uranium  b  dctermLned  by  means  of  chlorphcnphonazo  I  interference  from  masking  agents 
b  aUo  considerably  less. 

A  photometric  method  for  the  determination  of  sexivalent  uranium  with  chlorphos- 
phonazo  I  b  suggested,  in  which  uranium  b  separated  beforehand  from  Interf  ;ring  elements 
by  extraction. 


iO  ZJ5  ^  Ifl  0^  Oio\ 
reagent 

Fig.  3.  Molar  ratios  during  inter¬ 
action  of  chlorphosphooazo  1  with 

uc{*. 


Fig.  4.  Calibration 
curve  for  the  dcUimin- 
atioo  of  sexivalent  ur¬ 
anium  with  chlorphospho¬ 
oazo  I  (spectrophotome¬ 
ter  SF-4,  cuvette  with  la¬ 
yer  thickness  1  cm,  wave 
length  605  mp ;  tbe  opti¬ 
cal  density  was  measured 
with  respect  to  a  0.0093k 
chlorphosphooazo  I  solu- 
tiooX 
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ISOLATION  OF  URANIUM  AS  AMMONIUM  URANYL  PHOSPHATE 
AND  ITS  GRAVIMETRIC  DETERMINATION  BY  CALCINATION 
TO  U,0,PtOf 

•  A.  E.  Klygio.  D.  M.  Zavrazhoova.  aad  N.  A.  Nikorikaya 

Translated  from  Zliuraal  Analiticbeskol  Khlmii,  VoL  16.  No.  9^ 

pp.  297-302,  May-June,  1960 

Original  article  submitted  Mardi  8, 1960 

Of  tbe  series  of  sparingly  soluble  compounds  formed  during  tbe  interaction  of  uranyl  ions  with  phosphoric  acid, 
ammonium  uranyl  phosphate  NH4UO1PO4  •  3HtO  is  the  moss  valuable  in  analytical  practice.  Unfw/rtunately.  the  so¬ 
lubility  product  of  this  compound  (4.36  •  10~”  at  19-20*)  has  only  been  determined  by  dissolving  the  solid  phase  in 
solutions  of  nitric  and  sulfuric  acids  [1],  Published  results  on  tbe  possibility  of  a  gravimetric  determination  of  uranium 
by  calcination  of  this  compound  to  uranyl  pyrophosphate  are  contradiaoiy  [2.3].  and  the  calcination  process  itself 
requires  some  special  precautions  [2],  We  decided  therefore  to  determine  the  solubility  product  of  NHiUO2p0!|*31^, 
and  to  establish  the  possibility  of  determining  uranium  grayjmetrically  by  calcining  this  compound  to  U|0sP|0^ 

The  ammonium  uranyl  phosphate  used  for  the  present  studies  was  prepared  as  follows:  100  g  of  uranyl  nitrate 
UO|(NO))|‘  61^0  and  40  g  of  ammonium  niuate  were  dissolved  in  500  ml  of  2  N  nitric  acid.  Tbe  solution  obtained 
was  heated  to  80*  and  26  g  of  diam.'rtonium  hydrogen  phosphate,  dissolved  in  a  small  volume  of  water,  added.  A  bright- 
yellow  precipitate  immediately  appeared.  After  cooling  to  room  temperature,  the  precipitate  was  filtered  off  and 
washed  six  times  with  distilled  water.  Uranium  was  determined  in  the  air-dried  product  by  the  hydrosulfitc -phosphate 
method  [4];  ammonium  was  determined  acidirr.etrically  after  distilling  it  off  as  amnxmia;  phosphorus  was  determined 
colorimetrically  with  vanadate -molybdate  [o],  and  water  by  Karl  Fischer  reagent.  The  ult  obtained  was  found  to 
contain  62.16<;,  VO\* ,  3.93To  NH4.  21.36:i  POj".  and  12.46']^,  HjO.  i.e..  it  has  the  composition  NH4U0jP04- oHjO. 

A  thermogravigram  obtained  by  E.  P.  Cherstvenkova  for  this  salt  it  shown  in  the  figure.  Interpretation  of  the 
pyrolysis  curve  shows  that  the  following  processes  occur  on  hcatingi 


Conversion 
temperature, 
range.  *C 

Process 

Loss  In  wi.,  5» 

fouiid 

calcu¬ 

lated 

20-120 

NH,*  0:P04  iH;0  -  NH4r0,P04-b3U,0  ; 

I2.'i2-12.4n 

12.36 

275— 3jU 

NU4t0,P04  -rO.HPO.rNM, 

4, 4*’^—  4,85 

4.45 

wrCO—  « 

2l'0,HP04  -  (UO,i,P,0:-t-H:Ot 

2.55-  2,52 

2.32 

7(io-iion 

2  (UO.).PjOt  -  2  {l’,0,)P,07+0,  r 

2.3tV-  2,19 

2,24 

In  order  to  confirm  the  correctness  of  tbe  results  obtained  during  pyrolysis  of  ammonium  uranyl  phosphite, 
and  to  choose  the  gravimetric  form  in  which  uranium  is  to  be  determined,  the  following  experiments  were  cinied  outi 

a)  on  drying  NHiUOiPQi*  31^0  in  1  vacuum  desiccator  the  salt  gradually  gives  up  its  water  of  crystallization; 

b)  at  120-220*  anhydrous  ammonium  uranyl  phosphate  is  obtaincd.which  absorbs  water  from  the  atmosphere; 

c)  on  calcining  the  preparation  at  400*.  uranyl  bydrophosphatc  ]0|HPO||  is  obtaincd.which  is  also  hygroscopic; 

d)  uranyl  pyrophosphate  *  nanow  temperature  range;  accordingly,  it  is  only  by  strict  coo* 

uol  of  temperature  and  calcining  time  that  it  is  pouible  to  get  a  compound  with  the  composition  Indicated  above; 
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c)  the  compound  with  composition  UsO»PtOy  li  readily  obtained  by  calcining  ammonium  uriM/l  phosphate, 
uranyl  bydropbospbate.  and  uranyl  pyropbospbate  at  900*.  On  increasing  the  temperature  further  its  com posltioo  does 
not  ^ange  (checked  up  to  1200*X  The  compound  U|0}P|0|  has  a  yellow-green  color;  it  ii  not  hydroscopic,  contains 
^21^  uranium,  and  appears  to  be  homogeneous  according  to  X-ray  structural  mdiet. 

On  disseising  an  aliquot  of  the  compound  U|0|P}0r  in  85*^  phosphoric  acid  on  heating,  a  solution  with  a  green 
color  it  obtained.  By  oxidimeuic  titration  it  was  established  that  the  compound  contains  33.9%  of  the  uranium  in  a 
quadrivalent  state(mean  of  six  determinations).  i.e..half  of  the  uranium  present.  In  our  opinion  this  compound  it  a 
pyrophosphate  of  quinquevalent  uranium 


OU 

\/ 

OU 


which  on  dissolving  in  phosphoric  acid  dissociates  into  and  The  composition  (U0|)|Px0y((J0)|P|0|  with 

the  same  gross  formula  it  leu  probable. 


Thermogravimetric  curve  of  ammonium  uranyl  phosphate. 

Three  ’eries  of  experiments  were  carried  out  to  determine  the  solubility  product  of  NH4U0jP04  •  3H|0.  In  the 
first  of  ihe;e  series  (points  l-S)  1-g  portions  of  NM4UC^r04  *  SiljOat  25  i  0.2*  in  100-ml  standard  flasks,  varying 
amounts  of  0.1  N  hydrochloric  acid  were  added,  and  the  volumes  made  up  to  the  mark  with  water.  In  the  second 
series  of  experiments  (points  9-15).  10  ml  of  0.1  M  diammonium  hydrogen  phosphate  solution  was  added  in  addition 
to  each  of  the  flasks.  In  the  third  series  (point  16-20)  the  solid  phase  was  obtained  by  pouring  together  solutions  of 
uranyl  nitrate  and  diammomum  hydrogen  phosphate.  The  flasks  and  their  contents  were  shaken  and  the  temperature 
thermestatted  automatically  until  equilibrium  was  reached  (72  hr).  Vv'hen  equilibrium  had  been  reached  the  solu¬ 
tions  were  filtered  through  a  glass  filter  with  a  No.  4  porous  disc.  The  uranium,  phosphorus,  and  ammonium  contents 
of  the  filuates  were  determined  as  indicated  above,  while  the  pH  was  measured  with  a  quinhydrone  elecuode  using 
a  PPTV-1  potentiometer.  The  re  ults  of  some  of  the  experiments  (odd  numbers)  axe  given  in  Table  1. 

TABLE  1.  Experimental  Results  and  Results  of  Calculations  of  the  Solubility  Product  of 
NH4U0,P04*  3Hp  at  25  a  02* 


Equilibrium  concentrations,  molei/litcf  Solubility 


No. 

urauium 

(Cx) 

phosphate 

(Ct) 

ammonium 

(C>) 

product 

p.io-“ 

1 

3,  0.lo-« 

1.33- 10-4 

2.  8-10  » 

7,913.10^» 

3,28 

3 

3, .Ml  in  » 

3,32-10  4 

5,90-10-* 

7.  08- 10  * 

3,69 

5 

7.20- 10  • 

7,23.10-* 

7,79.iO-* 

1,349-10-* 

3,51 

7 

1,1510-* 

1.13-10  * 

1,13-10-* 

1,950- 10-* 

4,29 

2.HO.10-* 

1,00-10^* 

2.O4.10-* 

6,  31-10-* 

4,56 

It 

1,475.10-* 

1,1610-* 

2,19.10-* 

1,443-10-* 

2,83 

13 

4.025- 10  • 

1.1410-* 

2,4810-* 

2,04210-* 

2,88 

i:. 

1,1810-* 

2.19-10  * 

3,t«.t0-* 

3,2:16.10  * 

5,14 

17 

2,boio-* 

2.:.8.to-» 

3,01-10-* 

1,097-10  * 

3,45 

19 

9.20.10* 

8,93.10-* 

3,62*10-* 

2,34410-* 

5,02 

In  calculating  the  solubility  product  of  amir^anlum  uranyl  phosphate,  the  following  mutt  be  taken  Into  accountt 
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a)  tht  hyckol^  ci  the  uranyl  loa  (1^  ■  6.4  •  10”*  [6]}  lu  eqnOlbrioin  coDceotratioo  ii  calculated  by  rocaot 
ci  dtc  cqoacioa 

AjjIH  I 


a) 


b)  dlnodMioo  of  phoipbodc  add  through  all  its  three  itaget  (K|  ■  7.S1*  10'*,  Kg  ■  6.23*  10'*.  Kg  ■  4.8*  10'**); 
the  equUiulcin  oooccDoatloo  of  [PQ^*]  U  calculated  by  means  of  the  equation 


ipon- 


c,./c»Ar,.#r. 


!•  +  Ki  (H^l*  +  KiK,  IH»J  +  #C»K,X.  * 


(2) 


Hydrolysis  of  Nl^  over  the  pH  range  examined  can  be  Ignored. 

Results  of  calculations  of  the  solubility  products  by  means  of  the  equation 

/> « iNH*  j  iL'on  IPo^  j  -  _ -Iti!) - 

(/C,  +  IH*I)  aH*l»  + /c»  |H*I«  ^  A|/f,  |H‘J  4- 


(3) 


ate  given  in  Table  1. 

The  mean  value  of  the  solubility  produa  obtained  at  the  result  of  a  statistical  ueatment  of  20  experiments 
proved  to  be  equaltoP®  (3.6  s  0.4)*  10'^  at  a  confidence  level  of  0.95.  The  solubility  of  ammonium  uranyl  phos¬ 
phate  as  a  function  of  the  pH  of  the  solution,  the  concentrations  of  the  phosphate  Ions  (Cg  ■‘I*  10'*M)  and  amrrioaium 
salts  (Cg«  IM)  being  constant,  was  calculated  by  meant  of  equation  (3).  The  solubility  it  charaaerized  by  the  fol* 
lowing  resulttt 


2.0 

xo 

4.0 

S.9 

7.9 

C».M 

2- 10  • 

2t0'* 

3l0-»* 

MO  «» 

i 

210  »* 

It  follows  from  these  results  that  quantitative  precipitation  of  uranium  as  ammonium  uranyl  phosphate,  under 
the  conditions  indicated,  is  possible  in  solutions  having  a  pH  greater  than  3.  Specially  conducted  experiments  con¬ 
firmed  this  assumptioa 

In  weakly  acid  solutions  (pH  3. 0-5.0)  the  sparingly  soluble  phosphates  of  a  number  of  other  metal  ions  will 
be  precipitated  together  with  ammonium  uranyl  phosphate,  but  by  Inttoduclng  ethylenediaminetetiacetlc  acid  (H4Y) 
it  is  possible  to  iociease  the  seleaivity  of  uranium  separation  significantly. 

To  determine  the  permissible  concentration  of  Interfering  metallo-ion  Me”\c4.M)  at  which  this  Ion  will  not 
be  precipitated  in  the  form  of  its  phoipiiatc  at  known  pH  values,  concentrations  of  H«Y  (Cg.M),and  phosphate  con¬ 
centration  (Cg.NO.tbe  following  processes  must  be  taken  into  account: 


Me''^  4-  H,0  ~  Me  (OH)'"-*’*  4-H*^. 

Ah-*** 

(4) 

H,PO*  -  H,PO'  4-  H"  . 

A'l  -  7.5 . 10-* 

(5) 

H,PO-  -  HPO*-  4-  . 

A,  -  6.3  .  KT  * 

(6) 

HPOJ- -  PO*' 4*  . 

A,  -  3.6  .  |0-»» 

(7) 

3Me'’^4-«PO»--(Me,)(PO,), 

/>-... 

(8) 

In  the  pH  range  we  are  Interested  in.  ethylenedlamlneteuacetic  acid  will  exist  lo  the  form  of  the  Ion  HgY*  t 
accordingly,  the  following  processes  must  be  taken  into  accounti 
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+  H\ 

HY*'  , 

Me**  *-  -  MeY^***^. 

We  denote  the  equiUbrlian  coocenoatlom  u  follow*  [Me"*J  »  x,  [Me(OH)^“'‘J^]  »  y,  *  h,  (l^POJ  »  V,  P^PO/J* 
-  W.  [HPO/*]-  Z,  [PO;*)  »  U.  p^Y*-]  »  U  P<Y*‘]  -  a.  [Y*-]  »  b.  ind  [MeY(**«)*]  *  t.  M. 

Applying  the  law  of  maat  aaioo  to  processes  (4*11)  and  taking  into  acooani  oonversioa  of  the  original  maserialt, 
we  bavct 


V 

"  y* 

(12) 

X«/-oh 

(i7) 

A.V 

-  Wh 

(13) 

(18) 

A.r 

-Z* 

(1*) 

-  x«r 

(19)- 

-Lk 

(15) 

Ca-a  ;-f +  # 

(20) 

(16) 

C, -/  i-a  +  ^'-r/ 

(21) 

Ca 

-  V-f  w 

'+Z  +  (/ 

(22) 

X4-«.«-»0r*l71 
/C,- 5.47.10-“ PI 


(9) 

00 

ai) 


To  calculate  C4  from  equatioos  (17),  (18).  (15).  and  pi)  we  find  | 

K»K^C^ 


t  - 


AVfsa  r  ('»*  +  AsA  +  A.A*)A,' 


Substituting  t  from  (23)  La  (20)  and  taking  Into  account  (12)  and  (16).  we  obtains 


C, 


r-*,! 


As 

1  i.  _?  X 


A'.A,C — 

U** 


^  A.A.)  X,  • 


where  U  Is  calculated  &om  (13).  (M).  (15).  and  (22)  by  means  of  the  equation 


C,A,X,X, 


ft*  -r  Ajft*  T  AiX^ft  +  X»A,X, 


(23) 


(24) 


(25) 


The  Inequality  (24)  enables  one  to  evaluate  the  permissible  conceniratloo  of  Interfering  me:*llo-Ioa  (C4.  M) 
at  which  it  will  not  be  precip'.tated  at  its  pbcspbate,  as  a  function  of  the  concectratioo  of  hydrogen  lens,  exceu 
precipitant,  and  original  H4Y  coacentxatioo. 

Results  of  calculations  bated  00  equation  (24)  axe  given  in  T^ble  2. 


TABLE  2.  Permissible  Concenuationt  of  Interfering  Metal1o*loas  at  Which  Selective 
Precipitation  of  NH|UO,POk  •  3H,0  WIU  Occur  When  C*  »  3,4  C,  »  1  •  10"*M, 

as  a  Funaion  of  the  pH  of  the  Solutioa 


Sparingly 

Solubility 

Insubility 

Permissible  impurity  liydrolyxia 
concentration  Iconsum  of 

soluble 

product 

cormant 

the  metallo* 

compounds 

K4[8) 

pH  3.0 

1  jioo 

( POjij  1 

2.010-»» 

i.ssio-** 

7.9 

5,0- so-* 

2,510-** 

Mg,  <PO,», 

2.5  10  »•  1 

2.14. 10-* 

1.810** 

(3.7.10**) 

2.0.10-** 

Pb,  (W.», 

7.1»10  •• 

9.12-10  »• 

3.410* 

3.4. 10  » 

3.3.10-* 

Zn,  (PO4), 

»,l.l(r»* 

3.1610  »» 

6,5.10-* 

3,5- 10  * 

2.510-** 

AIPO4 

5.8.10-»* 

7,4110  » 

3.710-* 

3.4. 10-* 

1.25-10  • 

FePO* 

1,310  “ 

i 

7,9iiO^*» 

3,4. 10  * 

1 

3.210-* 

3.3. 10  • 
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The  results  giTen  in  Table  4  rfiow  that  th^  method  Is  applicable  to  dse  detenninatloa  of  tnnlum  in  its  technical  . 
ults,  oxides,  coDcentrates,  and  alloys.  Detenninatlons  can  be  carried  out  %4di  reasonable  accuracy  and  reliablllqr. 
their  complete  masldng  and  enure  selective  precipitation  of  uranium  as  ammonium  uranyl  phosphate. 

On  the  basis  of  %rfaat  has  been  said  above,  and  on  a  whole  series  of  preliminary  experiments,  the  following 
technique  is  uggested  for  the  preparation  of  a  readily  filterable  precipitate  of  ammonium  uranyl  phosphate,  and  for 
ubsequent  gravimetric  determination  of  uranium.  An  aliquot  of  ten  material  is  taken  uch  that  Its  uranium  contem 
is  about  200*300  mg.  Dissolution  of  aliquots  of  sodium  tuanyl  acetate,  uranium  tetrafluoride.  uranoso  uranic  oxide, 
uranium  concentrates,  uranium  ores  and  alloys  is  carried  out  in  nitric  and  hydrochloric  acids,  with  ubsequent  evapo* 
ration  of  the  solutions  to  2-3  ml.  In  the  case  of  alloys  of  uranium  with  zirconium.  10  ml  of  a  amnKUlum  fluo¬ 
ride  solution  is  added  beforehandt  decomposition  it  carried  out  as  Indicated  above  and  then  10  ml  of  30lk  tartaric 
add  solution  added.  The  solutions  obtained  are  diluted  with  water  to  10-15  ml.  heated  to  the  boil,  and  filtered  when 
necessary.  The  precipitate  on  the  filter  and  the  beaker  are  washed  with  a  hot  solution  which  Is  5.5^  with  respect  to 
ammonium  chloride  and  \%  with  respect  to  hydrochloric  acid;  80-90  ml  of  this  solution  Is  used  for  waging.  To  the 
solutions  obtained  is  added  10  ml  of  lO'^'Nllscthylenediamlnetetracetate  solution.  When  test  materials  contain  n 
large  amount  of  aluminum,  the  amount  of  Nll4ethylenediaminetetracetate  added  is  eq«jiva1ent  to  the  stoichiometric 
amount  necessary  for  complexing  all  the  aluminum  plus  5-10  ml  in  excess.  The  solution  is  next  heated  to  the  bod 
and  0.2  M  diammonium  hydrogen  phosphate  added  until  a  precipitate  appears.  The  liquid  it  boiled  for  one  minute 
and  an  additional  airxmnt  of  ammonium  phosphate  solution  added  until  the  total  volume  is  10  ml.  After  5  min. 

O.6*0.8  ml  of  a  O.llk  aqueous  solution  of  alizarin  red  it  added;  this  is  followed  by  ammonia  solution  (1-3)  until  • 
rose  color  appean  (pH  3.7-5.2).  Aher  5-10  min  the  solution  is  decanted  onto  a  white  band  filter  paper;  the  precipi¬ 
tate  is  uansfened  onto  the  filter  paper  and  washed  with  hot  2^  amnoonium  chloride  solution  containing  0.1^  ammoni¬ 
um  etbylenediamlnctetracetate.  80-170  ml  of  wash  liquor  is  used  for  each  precipitate.  The  precipitates  are  placed 
In  tared  crucibles ;  the  filter  papers  are  ashed,  and  the  vrhole  calcined  at  900-1000*  for  one  hour;  the  residue  it  final¬ 
ly  weighed  as  UjC^PjOj.  A  blank  it  carried  out  In  parallel,  and  the  weight  of  the  filter  paper  adi  subtracted  from  the 
weight  obtained.  P.csuitt  of  a  check  on  the  method  using  synthetic  mixtures  are  given  in  Table  3.  A  standard  solu¬ 
tion  of  uranyl  nluate  and  aqueous  solutions  of  the  salts  of  the  conespondlng  elements  were  used  for  these  experlmentv 


TABLE  3.  Results  of  Statistical  Treatment  of  Experimental  Results  on  Determination 
of  Uranium  la  Solutions  Containing  Impurities 


Added 

1 

m 

B 

Uraniian 

found. 

mg 

Mean  square 
error 

ura¬ 

nium. 

• 

Impurity,  mg 

H.Y. 

g 

tar¬ 

taric 

acid.g 

mg 

^  (rela¬ 
tive) 

286.6 

1.0 

12 

286,6 

+  0.30 

+0.10 

286,6 

20Fe**,  20.M»\  20V**,  20Na* 

2.5 

— 

12 

286,9 

±0..',8 

±0.20 

241.7 

35  0»* 

i.5 

— 

10 

2  *.1,7 

-f  0.12 

±0,05 

241  7 

35  Zr** 

1.0 

3,0 

11 

2'i1,9 

ifcU.lS 

±0,06 

241  9 

24  0  Al** 

4.5 

— 

11 

2'il.9 

±0,13 

±0,06 

The  results  given  in  Table  3  show  that  the  method  gives  conect  and  readily  teproduclble  results  for  uranium 
determination.  The  loss  of  uranium  with  the  filuates.  as  determined  by  luminescent  analysis,  does  not  exceed  0.1  mg. 
It  should  be  pointed  out  that  in  the  presence  of  chromium,  during  adjustment  of  the  tequisite  pH.  the  indicator  changes 
Its  color  from  yellow  to  red-violet,  while  in  the  presence  of  tartaric  acid  it  changes  from  yellow  to  orange. 

Determination  of  urauium  in  actual  test  materials  (Table  4)  is  carried  out  as  Indicated  In  the  procedure  outlined 
above. 

The  results  given  in  Table  4  show  that  the  method  it  applicable  to  the  determination  of  uranium  in  its  techni¬ 
cal  salu.  oxides,  concentrates,  and  alloys.  Determinations  can  be  carried  out  with  reasonable  accuracy  and  reliability^ 

One  analyst  can  cany  out  10-12  uranium  determinations  in  six  hours, 
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TABLE  4.  Reailtt  of  •  Check  oo  the  Method 


Teat  materUl 

/ 

Uranium 

content. 

Suggested  mediod 

no.  of  deter 

mlnadons 

uraniton 

found. 

mean  square  eirar 

Tfc  (ab¬ 
solute) 

>(reU- 

dve) 

Sodium  uranyl  acetate 

50,78 

11 

50,80 

±0,;3 

±0.25 

Uranoso  uranic  oxide 

82.91 

11 

82,99 

±C.16 

±0.19 

Uranium  tetrafluoride 

72,51 

11 

72,n 

+0,16 

±0.22 

Concentrate 

51,60 

11 

51,59 

+0,18 

±0.31 

Cre 

15,28 

12 

15,40 

io,io 

±0.60 

Alloy  with  Zr 

89,61 

12 

89,80 

±0,11 

±0.13 

Alloy  with  Al 

70,15 

11 

70,24 

±0,14 

±0.20 

SUMMARY 

The  lolubility  product  of  ammoolura  oraoyl  phosphate  NH|UO^PCk  *  has  been  determined,  ll  was  foaod 
to  be  equal  to  (3l6  *  0.4)  •  lO'**  at  25*. 

A  gravimeutc  method  has  bceo  developed  for  the  determloatloo  of  uranium;  it  Is  bated  on  precipitation  od 
ammonium  uianyl  phosphate  in  the  pretence  of  ammonium  ethylenediamlnetetracetate,  and  weighing  the  nranlnm 
asUAP|<V 
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THE  USE  OF  Cf-Cf  FATTY  ACID  FRACTION  FOR  SEPARATION 
OF  IRON  AND  COFFER  FROM  COBALT 

S.  E.  Krelmer.  N.  V.  Tashllloa,  L«  M.  Gacva.  and  A.  8.  Lomckhov 
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Translated  horn  Zhurnal  Analitlcfaeskoi  Khlmll,  VoU  10,  No^  S, 

pp.  303-307,  MayJunc,*1960 

Original  article  ni>mitted  May  3, 1960 

Fbotomeuic  detcrmloatioo  of  small  amounts  of  cobalt  by  means  of  niuoso-R-salt  In  materials  containing  large 
amounts  of  iron,  copper,  nickel,  and  chromium  is  a  problem  which  has  hitherto  proved  difHcult  and  has  attracted  the 
attention  of  rearch  workers.  Determination  of  about  0.6*^  cobalt  cac  be  carried  out  by  this  method  without  separating 
It  from  the  other  elements  in  the  presence  of  up  to  70'^  iron,  6*^  nickel,  and  15%  copper  [1,2%  IXiring  cobalt  determi¬ 
nation  some  authors  have  masked  iron  with  sodium  fluoride  or  phosphoric  acid  (3%  In  order  to  Inaease  the  accuracy 
of  determination  of  small  amounts  of  cobalt  in  steels  and  iron,  iron  has  been  separated  by  extraaioo  with  isopropyl 
ether  or  in  the  form  of  its  complex  with  cupferroo  Dicntlpyrylmcthane  bat  been  used  for  separating  cobalt  from 

nickel,  manganese,  chromium,  zinc,  cadmium,  magnesium,  barium,  and  calcium  [6%  Copper  can  be  separated  from 
cobalt  by  means  of  lead  dlethylditblocarbamate  [7,8],  For  the  analysis  of  ores  containing  large  amounts  of  iron  and 
copper,  copper  has  been  separated  with  potassium  nitrite.  A  colorimetric  finish  with  nluox>-R-salt  it  used.  The  meth¬ 
od  it  very  tedious  and  takes  a  long  time.  Despite  this,  the  method  is  widely  used  at  present  [0%  Gindin  et  aL(10] 
have  for  technological  purposes,  suggested  separation  of  iron  and  copper  from  cobalt  by  meant  of  a  mixture  of  saturat¬ 
ed  acids  with  carbon  numbers  7  to  9.  Kuznetsov  has  shown  that  the  extract  ability  of  copper  salts  of  fatty  acids  Increas¬ 
es  with  incre:>slng  hydrocarbon  chain  length  [11].  Extraction  of  copper  salts  of  fatty  acids  for  the  q’jantitailve  determi¬ 
nation  of  copper  has  been  described  [12], 

The  present  article  is  devoted  to  a  description  of  a  method  for  the  photomeuic  determination  of  cobalt  by  means 
of  niuoso-R-salt  after  separation  of  ccbalt  from  Iron  by  mcam  zf  fatty  acids,  and  from  copper  bv  meant  of  lead  dlethyl- 
dlthlocarbamate.  Diantlpyrylmcthzne  it  m.ed  for  scpaiati;.g  cobalt  from  nickel  and  a  number  of  other  elements, 

Exuaction  of  Iron  and  Copper  viih  a  Fatty  Acid  ).fl>:iure.  A  20^  solution  of  a  mixture  of  Cj-C*  fatty  acids  in 
chloroform  was  used  for  exuaction. 

The  iron  alum  and  cuptic  sulfate  solutions  u*ed  cotitalnrd  about  0.004  g  Fe  pet  ml  and  about  0.004  gCu  per  ml 
respectively.  Buffer  mixtures  were  prepared  by  mixing  0.2  N  solutions  of  acetic  acid  and  sodium  acetate. 

The  fatty  acid  mixture  is  produced  by  the  Combine  of  Synthetic  Fatty  Acids  and  Higher  Alcohols,  ShebeMno,  ac¬ 
cording  to  GOST  8622-57, 

Five  ml  of  the  Iron  or  copper  salt  solution,  50  ml  of  buffer  mixture,  and  55  ml  of  the  fatty  acid  solution  were 
InUoduced  into  a  200-ml  separating  funnel.  Extraction  was  carried  out  for  2  min.  After  the  layer  had  separated,  the 
organic  layer  was  poured  into  another  separating  funnel  and  copper  and  iron  extracted  into  the  aqueous  phase,  exuac¬ 
tion  being  carried  out  twice  with  20-ml  lots  of  hydrochloric  acid  (1  ;  4)  for  one  minute.  Iron  was  determined  in  the 
acid  extract  lodom Ctrl c ally  after  its  precipitation  with  ammonia  and  subsequent  dissolution  of  the  hydroxide;  copper 
was  precipitated  with  thiosulfate  after  evaporation  of  the  acid  exuact  with  sulfuric  acid  until  ail  the  chlorides  had  been 
removed;  the  determination  was  finished  lodomeuically. 

Results  of  experiiiicnu  on  exuaction  of  copper  and  iron  are  given  in  Table  U 

Tae  results  given  in  Table  1  show  that  extraction  of  Iron  and  copper  from  acetic  acid  solutionais  almost  complete 
at  pH  values  cb  e  to  those  foe  the  precipitation  of  the  hydroxides  of  these  metals;  this  is  in  agreement  with  pub¬ 
lished  results  [10% 

Palmitic  acid  (m.p.  64*)  was  also  tested  as  an  extractant.  Four  g  of  powdered  palmitic  acid  was  scattered  into 
a  beaker  containing  the  Iron  or  copper  salt  solution;  the  mixture  was  then  heated  to  the  boil  and  boiled  for  2  min. 

After  cooling,  the  solution  and  the  icexuact  obtained  by  boiling  the  solidified  palmitic  acid  with  hydrochloric  acid 
were  analyzed. 
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TABLE  1.  ReUHoo  bctweea  Exuactlon  -)f  Iron  and  Copper  with  Fatty  Acldi  and  the  pH 
of  the  Aqueous  Solutfon  (22.2  mg  iron  anti  20.2  mg  of  copper  were  taken  in  all  the  ex¬ 
periments) 


o 

1  s 

•3  II 

«  S 

Iron  found  in 
the  reexuact. 

mg 

Copper  found 
in  the  rcox- 
tract,  mg 

Copper  ex¬ 
tracted,  mg 

Separation  of  Iron  and  copper 

found  in  the 
ceextract 

iron, 

mg 

copper, 

mg 

iron, 

mg 

copper, 

mg 

3,7 

8.5 

38.3 

ri,ri 

27.7 

15.9 

20,2 

u.o 

Trace 

4,3 

•a-a  *1 

100 

■^1.7 

0..1 

19,3 

21,5 

O.M 

n.i 

1(1 » 

IH.Ii 

trj.l 

0,.1 

8.0 

21,3 

12.2 

5.0 

22.2 

lOo 

11»,M 

OH.O 

0.2 

3.4 

21 ,5 

ir..7 

5.1 

22.1 

too 

20,0 

IKl.O 

0.2 

o  •> 

21,3 

iH.I 

5.6 

22.1 

99,5 

20.0 

'.10.0 

0,3 

0,9 

21.2 

'  18,8 

TABLE  2.  Separation  of  Trlvalent  Iron  horn  Cobalt  In  Sulfuric 
Acid  Solutions 


20  bon  uken*  ;  1000  mg  iron  taken^  1000  mg  Iron  taken*  * 
Cobalt,  mg 


taken 

found 

taken 

found 

uken 

found 

o.oi 

0,011 

0,02 

0,02 

••.021 

n.irj 

o.«ri 

••,••1 

0.04 

0.04 

U.OLl 

o.ui 

0,(6 

0,059 

0.00 

0,06 

0.“* 

••.109 

o.‘« 

0.(« 

0.(« 

o,(;8 

0,10 

0.10 

0,10 

o,(»y9 

0.1*. 

•  •.•C.7 

O.oT 

0.<»8 

0,'« 

0.<»7i 

*  lion  alum  solution  (the  preparation  contained  0.002^  cobalt). 

•  •  Ferric  sulfate  solution  prepared  from  Armco  L'on  containing 
O.Ol-fT*  cobalt. 


Thcic  experiments  «howed  that  exuaalon  does  not  depend  to  a  significant  extent  on  the  length  of  the  hydro¬ 
carbon  chain,  at  a  iixed  pH. 

Separation  of  Cobalt  from  Iron,  Copper,  and  Other  Metals.  It  was  established  that  cobalt  is  not  exuacted  with 
the  chloroform  solution  of  fatty  acids  at  pri  5.6.  the  optimum  pH  for  separation  of  Iron  and  copper. 

Solutions  of  iron  and  copper  salts,  and  a  cobalt  sulfate  solution  containing  0.00001  g  Co  per  ml  were  introduced 
into  a  separating  funnel.  A  50v  solution  of  sodium  acetate  was  added  dropwlse  until  the  pH  was  about  S  according 
to  universal  indicator  paper.  Thirty  ml  of  buffer  solution  (pH  5.6)  and  50-100  ml  of  the  20^^  solution  of  fatty  acids  In 
chloroform  were  added,  and  the  whole  shaken  for  1-2  min;  extraction  was  repeated  until  a  colorless  organic  phase 
was  obtained.  The  aqueous  layer  was  washed  free  from  fatty  acids  by  shaking  with  pure  chloroform.  The  aqueous 
layer  was  transferred  to  a  250-ml  conical  flask.and  20  ml  of  50‘!«  sodium  acetate  was  added;  the  mixture  was  heated 
to  the  boil  and  then  evaporated  to  reduce  its  volume;  10  ml  of  0.5^  nitroso-R- salt  solution  was  added  and  the  liquid 
boiled  for  one  minute;  25  ml  of  niuic  acid  (1  : 1)  next  was^added  and  the  liquid  again  boiled  for  one  minute;  it  was 
finally  cooled  and  transferred  to  a  200-7111  standard  flask. 

Calibration  curves  were  constructed  using  pure  cobalt  sulfate  solutions,  the  extraction  step  being  omitted. 

Results  of  experiments  on  the  separation  of  Iron  from  cobalt  are  given  in  Table  2.  The  optical  density  was 
measured  relative  to  the  "blank*  solutions  obtained  after  extracting  the  iron.  1000  mg  of  iron  can  be  separated  by 
carrying  out  two  exuactions  with  100-  to  120 'ml  lots  of  the  fatty  acid  solution. 
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TABfJE  \  Sq>VMloo  of  Copper  from  Cobalt  with  Lead  Diethyl* 
dlthlocarbamate 


Copper 

Cobalt,  mg 

Copper 

cobalt 

mg 

Uken.mg 

uken 

found 

ukenjng 

taken 

found 

10 

0.02 

0,02 

100 

0.02 

0.02 

in 

0.04 

0.04 

100 

0,04 

0.04 

in 

0.06 

0,061 

100 

0.06 

0,(« 

in 

o.tat 

0,061 

100 

0.06 

0,06 

1000 

0.04 

0,038 

1000 

0.06 

0,063 

TABLE  4.  SeparatloQ  of  Iron  and  Coper 
from  Cobalt  by  meant  of  Lead  Dletl^l 
dithiocarbamate  and  the  Fatty  Acldt  la 
Nitric  Add  Solutions 

20  mg  copper  and  100  mg  copper  and 
20  mg  iron  taken  100  mg  iron  taken 


taken 

found 

taken 

found 

0.<i2 

0,023 

0,02 

0.02 

0.04 

o.o;« 

0,(t4 

0.039 

o.ob 

O.U'fO 

0,06 

tl.061 

t».o8 

0,078 

n.<M 

o.(«l 

Experiments  showed  further  that  complete  separation  of  400  mg  of  copper  is  only  achieved  after  10*12  exuac* 
tioos.  although  the  bulk  of  the  copper  it  extracted  during  the  Arst  operation.  Accordingly,  we  checked  on  the  pos¬ 
sibility  of  separating  copper  with  a  solution  of  lead  diethyldithiocarbamate  in  chloroform  (4.5  g  lead  per  liter). 

To  50  ml  of  cupric  nitrate  solution  prepared  from  eIectrolyticcopper(frec  from  cobalt)  was  added  cobalt  sulfate  so¬ 
lution  and  50  ml  of  acetate  buffet  mixture  (pH  4.1).  The  experimental  results  are  given  in  Table  3. 

It  follows  from  these  results  that  lead  diethyldithiocarbamate  completely  separates  copper  from  cobalt.  The 
lead  which  paues  into  the  aqueous  solution  does  not  interfere  with  the  photometric  determination  of  cobalt  with 
niuoso-R-salu 

Table  4  contains  the  results  for  the  separation  of  iron  and  copper  from  cobalt.  Copper  was  exuacted  at  pH 
about  'i  with  a  solution  of  lead  dlcthylditblocarbamste  in  chloroform;  the  pH  was  then  adjusted  to  5.6  by  addition 
of  acetate  buffer  mixture  and  the  iron  exuacted  with  a  solution  of  the  fatty  acid  mixture  in  chloroform.  Iron  and 
copper  salts  were  added  in  the  "blank*  experiments. 

The  method  described  for  separating  iron  and  copper  gives  considerably  worse  results  in  sulfuric  acid  solutions, 
since  the  lead  which  passes  into  the  aqueous  phase  is  precipitated  at  PbS04. 

Results  of  experiments  with  sulfuric  acid  solutions  carried  out  as  follows  proved  satisfactory.  Iron  and  the  bulk 
of  the  copper  were  extracted  with  the  fatty  acids  at  pH  about  5.  and  the  residual  copper  was  exuacted  with  lead 
diethyldithiocarbamate  at  pH  about  4.  Under  these  conditions,  the  amount  of  lead  which  passes  into  solution  is  small, 
and  Ln  the  pretence  of  acetic  acid  and  sodium  acetate  a  precipitate  of  PbS04  it  not  formed.  During  determination  of 
0.02,  0.04.  0.06  and  0.08  mg  Co.  the  amounts  of  cobalt  found  were  0.02,  0.04.  0.06  and  0.08  mg  respectively. 

Salts  of  trivalent  chromium  and  divalent  maganese  ate  not  extraaed  by  the  chloroform  solution  of  fatty  acids 
over  the  pH  range  3,7-7.9. 

Separation  of  small  amounts  of  cobalt  from  large  amounts  of  nickel  by  means  of  the  fatty  acids  I:  not  feasible. 
Accordingly,  in  order  to  separate  cobalt  from  uivalcnt  chromium,  divalent  manganese,  and  nickel.we  made  use  of 
the  extraction  of  cobalt  in  the  presence  of  ammonium  thiocyanate  and  diant Ipyrylmethane  [6). 

Analysis  of  Steels  and  Ores.  An  aliquot  of  the  solution  of  test  material  is  uansferred  to  a  250-ml  separating 
funnel:  507)  sodium  acetate  is  added  dropwlse  until  the  pH  is  about  5  (a  drop  of  solution  is  placed  on  the  indicator 
paper  through  a  double  layer  of  filter  paper  since  the  solution  hat  a  red  color);  this  is  followed  by  30  ml  of  acetate 
buffer  mixture  (pH  5.6).  One  hundred  ml  of  the  20^  solution  of  fatty  acids  in  chloroform  it  added  and  the  whole 
shaken  vigorously.  Extraction  it  repeated  until  a  colorless  organic  layer  is  obtained;  the  aqueous  layer  it  then  washed 
with  10  ml  of  chloroform;  the  solution  is  acidiAcd  with  hydrochloric  acid  until  the  pH  It  3-4,  and  the  remaining  cop¬ 
per  exuacted  with  a  solution  of  lead  diethyldithiocarbamate  In  chloroforriu  The  aqueous  layer  it  washed  with  about 
10  ml  of  chloform  and  is  poured  into  a  250-ml  conical  Aask.  The  solution  it  heated  to  the  boll  and  20  ml  of  bO'Jb 
sodium  acetate  solution  added;  10  ml  of  a  0.5*^  solution  of  nitroso-R-talt  it  added  to  the  boiling  solution  and  the  whole 
boiled  for  one  minute;  25  ml  of  niuic  acid  (It  1)  it  added  and  the  solution  boiled  again  for  one  minute;  it  it  finally 
cooled  and  uansferred  to  a  200-inl  standard  flask. 

When  the  sample  contains  large  amounts  of  nickel,  chromium,  and  manganese,  the  solution  left  after  removal 
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TABLE  8w  Detcrmlnatloa  of  Cobalt  la  Seed  (Cobalt  of  the  Iron  aod  copper  U  acidified  with  hydrochloric  acid 
Found  lo  the  Sample  0.0161^  Sample  wt.  0.2  gi  Sulfuric  until  the  pH  la  1*>2  according  to  universal  indicator  papui 
Acid  SolutJoo  10  ml  of  a  40^  ammonium  thiocyanate  aolutloo  and  20  nd 

of  a  2*^  aolutloo  of  diantipyrylmethanelnO.SN  HOareadded 
and  thakeo  fori  min.  and  theCocompound  extracted  with 
10  ml  of  chloroform.  This  operation  la  repeated  twice. 

When  the  cobalt  cooten  ia  high  the  extract  ia  colored  bine 
by  the  cobalt  complex.  To  the  organic  layer  contained  ia 
a  aeparat*og  funnel  la  added  20  ml  of  a  0.2  N  aodlum  acetate 
solution  and  5  ml  of  0.Sf>  nltro'R'Salt  solution,  aod  the  whole 
diaken  for  one  minute;  the  organic  layer  la  uansferred  to 
another  separating  funnel,  while  the  aqueous  layer  la  uansfened  to  a  200-ml  standard  flask.  Twenty  ml  of  0.2  N  so* 
dium  acetate  and  5  ml  of  0.5%  nitroso'R'salt  solution  are  added  again  to  the  organic  layer.  After  diaking.  the 
aqueous  layer  Is  uansferred  to  the  standard  flask,  while  the  chloroform  Is  discarded.  To  the  aqueous  solution  In  the 
standard  flask  Is  added  10  ml  of  nitric  acid  (1 1 IX  and  the  liquid  ia  left  for  15  min.  The  volume  la  made  up  to  the 
mark  with  water  and  the  optical  density  of  the  solution  it  measured  on  a  FEK>M  photoelecuic  colorimeter  fitted  with 
a  green  filter. 

The  *blank*  solution  Is  prepared  by  adding  sodium 

TABLE  8.  Detamlnatlon  of  Cobalt  in  Ores  acetate.  niaoso*R*salt.  aod  nitric  acid  to  water. 

A  calibration  curve  la  constructed  using  cobalt  sulfate 
solutloo;  the  exuaction  operation  Is  omitted. 

The  method  has  been  checked  by  adding  known 
amounts  of  cobalt  to  a  standard  sample  of  No.  53*a  steel, 
cootalolng  12.1%  Cr.  The  optical  density  was  measured 
relative  to  a  *blar.k*  solution  obtained  from  an  aliquot 
of  steel  to  which  no  cobalt  was  added.  The  experimental 
results  are  given  In  Table  5. 

Table  6  coctains  the  results  of  cobalt  determicatloo 
lo  ore  products  coi:talcL*tg  large  amounts  of  copper.  Samples 
chosen  fo*  analysis  were  ones  to  which  photometric  ueter- 
minatioo  by  rreans  of  niuoso'R'salt  was  Inapplicable 
without  prelirrinaxy  separation  of  cobalt.  The  agreement 
between  the  results  obtained  justifies  the  technique  of  separating  cobalt  by  extraalon. 

SUMMART 

The  use  of  a  solution  of  Cf~Cf  fatty  acids  In  chloroform,  and  of  a  solution  of  lead  diethyldithlocatbamate  la 
chloroform,  is  suggested  for  separating  small  amounts  of  cobalt  from  large  amounts  of  Iron  and  copper.  A  method 
which  has  been  developed  has  been  checked  on  synthetic  solutions,  neels.  aod  ores, 
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POTENTIOMETRIC  DETERMINATION  OF  COBALT  WITH  FERRICYANIDE 
IN  A  GLUTAMIC  ACID  MEDIUM 

Chang  Teh  Slya.  I.  Dolclal.  and  I.  Zjk% 

Charles  Univenity,  Prague  (Czedioslovakla) 

Translated  from  Zhurnal  Analitlcfaeskol  Khimll,  VoL  IB.Now  3, 
pp.  308-312,  May -June,  1960 
Original  article  sii>mltted  May  20,  1960 

Quantitative  oxidation  of  divalent  cobalt  In  the  form  of  Its  glutamate  complex  by  mean  of  potassium  ferricya- 
nlde  hu  been  studied  potentiometrically  as  a  funalon  of  pH  and  the  concentration  of  glutamic  acid  and  cobalt. 

It  was  established  In  the  course  of  this  work  that  the  compound  of  divalent  cobalt  with  glutamic  acid  It  stable  in 
air  at  a  pH  of  9.8-11.4,  and  that  It  is  possible  to  oxidize  It  quantitatively  with  potissiian^  ferricyanide.  At  a  result 
of  the  present  Investigation  a  method  bat  been  developed  for  the  determination  of  cobalt  in  various  materials  (steel, 
ores).  The  method  permits  determination  of  l*9>Co  in  zinc,  nickel,  bismuth,  cadmium,  copper,  and  molybdenum. 
Manganese  In  amounts  which  are  five  timet  that  of  cobalt  does  not  interfere. 

Potassium  ferricyanide  It  used  at  an  oxidizing  agent  for  the  determinarlon  of  cobalt  in  an  ammonlacal  medium 
(1-2).  Since  low  results  are  obtained  during  direa  tiuation.  the  normal  procedure  It  to  add  a  solution  of  the  umple 
to  a  standard  ammonlacal  solution  of  ferricyanide,  excess  of  the  latter  being  then  back*iltrated  with  a  standard  co¬ 
balt  salt  solution.-  The  interaalon  of  cobalt  salts  with  ferricyanide  hat  been  studied  by  many  authors  (3-5);  Diehl  and 
Butler  (6)  have  replaced  ammonia  by  ethylenediamlne,  which  ensures  nxjte  favorable  conditions  for  carrying  out  dtratloo. 

Oxygen,  however,  readily  oxidizes  the  ethylenediamlne  complex  of  divalent  cobalt,  to  that  it  is  neceuary  to 
work  in  an  Inert  stnxssphere.  Kcpanica  and  DoleZal  [7]  eliminated  this  drawback  by  using  glycine. 

Titration  with  ferricyanide  it  the  ben  method  for  determining  cobalt  and  it  characterized  by  high  telealvlry. 
Ways  of  eliminating  interference  from  manganese  have  been  indicated  in  previous  articles.  It  bat  been  shown  that 
it  is  possible  to  determine  manganese  together  with  cobalt  In  a  medium  of  ethylenediamlne  and  sulfosalicyllc  acid 
(6).  The  polarographic  behavior  of  the  complex  salts  of  cobalt  with  glutamic  acid  hat  been  studied  in  detail  [8],  as 
well  as  the  oxidation  of  this  stable  com.pcund  with  ferricyanide.  In  the  present  article  rhe  possibility  is  demonstrated 
of  determining  cobalt  potentiometrically  in  air  with  potassium  ferricyanide  in  the  presence  of  glutamic  acid.  The 
method  has  given  very  good  results  during  analysis  of  various  steels  and  ores  and  is  suitable  as  a  simple  method  and 
for  indusuial  control.  Glutamic  ecld  is  readily  available  and  is  not  an  expensive  reagent. 

METHOD 

Rc4Kcuts:  A  0. 1  N  solution  of  potassium  fcnicyaiiide  was  prepared  from  a  Czech  pioduct  (LAKhEMA)  and  was 
diecked  iodometrically.  More  dilute  solutions  were  prepared  by  diluting  the  0.1  M  solution. 

A  standard  cobalt  sulfate  solution  was  prepared  from  the  pure  produa  (CoS04*  71^C\Merck);-Co concentration wu 
established  elearolytically. 

The  glutamic  acid  used  was  a  Czech  product  (VITANA).  The  dissociation  constants  of  glutamic  acid  which 
arc  given  In  the  literature  (pl^  >  2.19,  pK|  >  4.25,  pK|  >  9.66  and  pK|  >  2.16}  pK|  >  4.32,  pK|  >  9.96),  were  checked 
by  potentiometric  titration  with  sodium  hydroxide  using  a  glass  indicator  elearode.  The  results  obtained  for  pK|  and 
pK|  are  in  almost  complete  agreement  with  published  results  [9-13]  (the  pK  values  found  were  2.3,  4.30,  and  9.60). 

The  value  of  pK|  cantiot  be  determined  accurately  from  the  titration  curve  (Fig.  1), 

The  umplei  of  steel  used  conformed  to  international  standards. 

Potcntiomctrlc  titration  vrith  ferricyanide  was  carried  out  on  a  *KRATO”  instrument  (Kratov khvil  Engineering 
School,  Prague).  A  "Multoscope*  appaiatui  (Laboratory  Apparatus,  Prague)  was  used  for  measuring  the  pH. 


ml 

Fig.  1.  Titratioo  of  0.11205  g  glutamic  add  with 
0.1  M  NaOH(^  -  0.9747  V 


RESULTS 

Data  on  the  complexes  of  glutamic  acid  with  metal  ions  have  been  published  by  many  authonj  these  Indode 
complexes  with  Co*^.  Mg*^.  St**.  Ba*”^  (14-161.  ^nd  wr|th  in  an  alkaline  medium  (polarographically  [17-18]  and 
poientiometrically  (19J).  The  complexes  of  Co*  ,  Nl*  ,  Fe*  ,  Mn*  [20.21].  as  well  as  those  of  Ag  [22.23]  and  the 
raie  earths  [24]  have  also  been  studied  polarographically  and  by  oscillographic  polarography. 

Glutamic  acid  Interacts  with  Co^  In  the  proportion  of  2tl  [15.16,25], 

The  cot.  pound  of  cobalt  with  glutamic  acid  docs  not  change  In  air,  but  it  Is  oxidized  by  potaulum  fertlcyanlde. 

Effea  of  pH  on  Oxidation  of  Cobalt  In  a  Glutamic 
Acid  Mcdl'jn.  The  bright  red  colored  complex  of  cobalt 
with  glutamic  add  Is  formed  over  a  fairly  wide  pH  range. 

It  Is  oxidized  to  a  violet  colored  complex  even  at  ordinary 
temperatures.  The  course  of  the  oxidation  reaction  was  fol¬ 
lowed  quantitatively  by  titrating  about  15  mg  Co*^  with 
O.OS  M  potassium  fenlcyanide,  titration  was  canled  out  In 
50  ml  of  0.2  M  glutamic  acid  at  a  definite  pH.  Fig.  2  shows 
the  course  of  the  reaction.  Titration  can  be  carried  out  over 
the  pH  range  4.3-12.5.  At  a  pH  greater  than  7  panlal  sepa¬ 
ration  of  a  precipitate  occurs,  while  in  solutions  with  pH 
greater  than  12.5  it  becomes  impossible  to  establish  the 
position  of  the  titration  end  point.  At  pH  values  greater  than 
11.5.  after  about  15  min.  the  color  of  the  solution  gradually 
starts  to  change  and  a  brown  color  appears. 

It  Is  clear  from  Fig.  2  that  at  the  pH  Increases  the  Ini¬ 
tial  potential  of  the  solution  starts  to  decrease  gradually.  On 
Curve  1  there  It  observed  a  further  potential  drop  after  th. 
first  addition  of  potassium  fenlcyanide  solution.  Quantitative 
oxidation  occurs  over  the  pH  range  9.8-11.4.  The  potential 
It  readily  eatablished  In  all  cases  In  the  Immediate  neigh¬ 
borhood  of  the  titration  end  point  (within  2  min).  Indepen¬ 
dently  of  the  pH.  The  potential  Jump  at  the  end  point  does  not  change  strongly,  but  it  strong  enouth  to  establish  the 
tluatlon  end  point  reliably. 

At  pH*t  within  the  optimum  range  there  Is  no  need  to  protect  the  solution  being  titrated  from  contact  with 
atmospheric  oxygen  (Fig.' 3),  Even  after  solution  has  been  allowed  to  stand  for  3*A  houii.  oxidation  of  cobalt  is 
negligible. 


Fig.  2.  Effect  of  pH  on  the  oxidation  of  the  di¬ 
valent  cobalt  complex  of  glutamic  acid  with 
fertlcyanlde.  5  ml  of  0.05  M  CoSQ^  in  50  ml 
of  0.2  M  glutamic  acid.  Theoretical  amount 
required  4. 94  ml  of  0.05  M  K,Fe(CNX. 
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oxygen.  1)  Immediately  in  an  loett  atmosphere]  2)  Iro* 
mediately  in  air;  3)  in  the  air  after  3.5  hr;  5)  lo  the 
all  after  S  hr;  5)  in  the  air  after  12  be. 


(a« 


Fig.  4.  EHect  of  glutamic  acid  cooceotratloa  oa 
oxidatioa  of  divalent  cobalt  with  poiauiura  fer- 
ridyaoide;  4.5x  10'*M  Co*^  solution  was  titrated 
with  0.05  M  K,Fe  (ChOi  at  pH  10.4  In  a  volame 
of  55  ml. 


Effe«  of  Glutamic  Acid  Conceotratloft.  Even  In  the 
presence  of  a  tenfold  amount  (with  respect  to  cobalt)  of 
glutamic  acid,  the  potential  change  at  the  titration  end 

point  it  only  2*3  mv  for  0.1  ml  of  K|Fe<CN)^  At  the  amount  of  glutamic  acid  used  increases  so  does  the  potential 
jump.  When  the  amount  of  glutamic  acid  is  40*240  times  as  much  as  that  of  the  cobalt  the  potential  changes  by 
20-50  mv  on  addition  of  0.1  ml  of  fenlcyanlde  aolutlon. 


Vvlien  very  large  amounts  of  glutamic  acid  are  used  (more  than  250-fold)  low  results  are  obtained  for  cobalt 
(at  pH  10.4.  Fig.  4). 

Under  the  optimum  conditions,  i.e..  at  pH  9.3-10.4  and  a  glutamic  acid  concentration  of  0.2  M.  and  using  a 
volume  of  50  ml  of  solution,  it  Is  possible  to  determine  1.5-50  mg  of  cobalt  with  seasonable  accuracy  (Table  1% 
At  higha  cobalt  concenuations  it  it  necessary  to  inaease  the  amount  of  glutamic  acid. 


Effect  of  Other  Ions.  Chlorides,  oitrstes.  and  sulfates  In  artxxmts  which  are  5^-100  times  that  of  cc^alt  do  not 
affect  the  results  of  cobalt  determination.  A  ou.mb€r  of  cations  lorm  colorless  (Mo'^,  Bi*^.  Zn*^,  Mn*  )  or  colored 
(Fe*^ Intense  yellow-red,  Cu*  Intense  blulsh-vlclet,  VO|  bright  yellow.  Ns*  intense  blue)  compounds  with  glutamic 
acid,  but  even  when  these  elements  are  present  In  large  amouaii  they  do  not  affect  the  results  of  cobalt  detetmloa* 
tlon  (Table  2);  the  exception  is  manganese. 


TABLE  1.  Titration  of  Divalent  Cobalt  in  a  Glutamic 
Acid  Medium  with  Potassium  Ferrlcyanlde  Sclutioa 
(pH  9.8-10.4,  mean  of  three  determinations) 


Co  taken, 
mg 

Co  found, 
mg 

Co  taken, 
mg 

Co  found, 
mg 

1.45 

1,39* 

14.52 

14.52*  • 

2,90 

2.85* 

21.80 

21,80** 

7.26 

7.26*  • 

29.00 

29.00*  * 

*  Tiuated  with  0.01  M  K|Fe(CNV 
•  •  Titrated  with  0.05  N  K,Fc(CN)». 


V*hea  manganese  compound  Is  added  on  Its  own 
to  a  glutamic  acid  solution  (pH  10.4).  at  toon  at  the  flm 
drop  of  K)Fe(CN)|  solution  ‘s  added,  a  grecnlsh-browo 
colored  precipitate  appears,  and  the  measured  potential 
value  corresponds  to  the  potential  value  of  the  system 
Fe(CN)J*/  FefCNjJ”,  Vihen,  however,  the  solution  contains 
cobalt  as  well  as  manganese,  the  precipitate  of  th?  maga* 
nese  compound  only  appears  after  complete  oxidation  of 
divalent  cobalt.  The  compound  of  manganese  with  glutamic 
acid  it  not  o*idi2rd  by  atmospheric  oxygen.  In  contrasc  to 
the  compound  of  manganese  with  glycine  (7),  Quantitative 
results  were  obtained  for  cobalt  in  the  presence  of  1.5  times 
its  anneunt  of  manganese. 


Determination  of  Cobalt  In  StceL  About  0.5  g  of  steel  containing  Ci.  Mo.  W.  and  V  in  addition  to  cobalt  is 
dissolved  in  perchloric  acid  and  the  solution  evaporated  almost  to  dryness.  The  residue  is  dissolved  in  dittlltcd  water 
containing  a  small  amount  of  perchloric  acid  and  the  liquid  heated  to  separate  the  tungstic  acid.  Solution  and 
precipitate  are  tiansfened  to  a  lOO-ml  nandard  flask  acd  the  volume  made  up  to  the  mark  with  distilled  water. 

25  ml  of  605»  glutamic  acid  solution  (pH  10.1-10.5)  is  added  to  25  ml  of  this  solution  and  the  final  solution  titrated 
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TABLE  2.  Determliiatlon  of  Cobalt  In  the  Pretence  of  Other  Metali  (14.52  mg  of  Co 
wat  tloated  with  0.05  M  KyFe(CN)4  In  50  ml  of  lolutloa  la  a  0.2>1.5  M  glutamic  acid' 
medium.  pH  10. 1-10.4) 


Taken,  mg 

Co 

found, 

mg 

Error, 

^olar  con¬ 
centration  of 
glutamic 
acid 

Taken,  mg 

CO 

found, 

mg 

Error, 

Molar  oon- 
centratloQ  of 
glutamic 
acid 

Ni*» 

14.5.1 

0.2 

WVI 

46,0 

14.52 

0 

0.7S 

14.6 

14,52 

0 

0.2 

1C0.0 

14,49 

—  0,21 

58.4 

14,5.1 

■fO.07 

0.2 

14,40 

—  0,83 

*.5 

116,8 

14.45 

0.2 

51,8 

14.52 

101.3 

14,50 

0,75 

258.3 

14,47 

202.6 

14.51 

l.S 

14.45 

o«» 

10,288 

14,53 

1.5 

Tl*'' 

14.54 

+  0.14 

4.5 

20,. W 

11, .50 

-0.14 

1.5 

jHQR 

14,49 

o.s 

51.12 

11.35 

-1,17 

1.5 

4.99 

14,51 

0,5 

102,80 

11,2<» 

-2.2 

1.2 

Mo'* 

3.360 

14.45 

-  0,48 

0.75 

Cd»*^ 

1  io..i 

11.10 

—0.21 

1.2 

1680 

13..30 

-  1,51 

0.5 

280.5 

14.12 

-0,60 

1.2 

54*1 

14,51 

—  O.OT 

0.5 

2N»,5 

U..51 

—0,07 

1.5 

RiO 

14.49 

-  0,21 

1.5 

54.1.0 

14,28 

-1.67 

1.2 

810 

1,33 

-70,7 

0,25 

Al»» 

13.42 

14. .52 

0 

1.2 

vor 

6,1** 

14.52 

0 

0.5 

.\t.55 

11. .35 

-1.17 

1.2 

9 

21.8 

14. .57 

+0,.342 

0.5 

67.10 

11.35 

-1,17 

1.2 

14*0.0 

14.57 

+  0.21 

0.5 

re“ 

130.85 

11.18 

—0.28 

1.2 

As'' 

141,2 

14,.55 

+0.21 

0.5 

1.40.85 

11..M 

+0,4*7 

1.5 

282.1 

11. .51 

— 0,«i7 

0.5 

279,7 

11.17 

-0.31 

1.5 

Mn*» 

5.18 

11.53 

+0.07 

0.5 

Cu*» 

101.0 

11.51 

-  0,07 

1.5 

8.22 

11.51 

-0,t*7 

0.5 

382.0 

11.:^) 

-0.14 

1.5 

13. 70 

11.10 

—0,21 

0.5 

162.5 

11. .52 

41 

1 

27.  V) 

14. .5.5 

i-».21 

t.l 

.125,0 

11,10 

-0,21 

1  1.5 

ii 

W.j 

1 

-^),.>2 

~  1.1 

pontentiomcuically  with  0.05  M  pciatsium  feriicyanlde  solution.  The  mean  cobalt  content  from  several  determina¬ 
tions  was  found  to  be  4.1Slv  (amount  that  should  be  present, 4. 52^).  In  another  Reel  the  cobalt  content  found  was  2.0 
the  aiTxnint  that  should  be  present  being  1.955t 

Ccterminaticn  of  Cobalt  in  an  Ore.  About  1  g  of  finely  ground  arsenic  sulfide  ore  fCo.  Nl.  As)  is  dissolved  In 
perchloric  acid  and  the  solution  evaporated  to  diynes;  the  residue  it  dissolved  in  water  containing  a  few  drops  of 
sulfuric  acid.  The  evaporation  process  Is  repeated  and  the  solution  transfened  with  water  containing  a  few  drops  of 
perchloric  add  Into  a  250>ml  sundard  flask,  water  being  added  to  bring  the  volume  up  to  the  mark.  To  25  ml  of 
the  solution  obuined  as  Is  added  25  ml  of  6(7?*  glutamjc  acid  solution  (pll  10.3).  ai>d  the  cobalt  is  titrated  potentlo- 
metrlcally  widi  0.1  M  X)Fc<CNX.  At  the  result  of  a  large  number  of  determbutions  the  mean  cobalt  content  of  a 
sample  which  was  supposed  to  contain  0.66^  was  found  to  be  0.679>. 

On  the  basis  of  a  large  number  of  dcteiminaiiont  carried  out  on  a  cobalt-nickel  ore.  the  mean  cobalt  content 
found  wat  0.56^  Co  at  againn  an  expected  content  of  0.51^  Co. 

SUMMARY 

The  quantitative  oxidation  of  divalent  cobalt  as  the  divalent  cobalt  complex  of  glutamic  acid  by  means  of 
potassium  ferricyaoide  hat  been  Rudied  poteotiomeuically  at  a  function  of  pH.  glutamic  acid  and  cobalt  concentra* 
tiont.  It  has  been  found  that  the  cobalt  (ll)-glutamic  acid  compound  it  Rable  in  air  at  pH  9.8-11.4,  and  it  it  pos¬ 
sible  to  oxidize  it  quantitatively  with  potauium  ferricyanide.  At  a  result  of  the  Rudies  carried  out.  a  method  hat 
been  developed  for  the  dctcimlnatlon  of  cobalt  In  various  materials  (Reels,  ores).  The  method  permits  determina¬ 
tion  of  l^Co  in  zinc,  nickel,  bismuth,  cadmium,  copper,  and  molybdenum.  Manganese  in  amounts  which  arc  five 
timet  that  of  cobalt  does  not  interfere. 
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NITROPHENYLHYDRAZONCS  OP  ISONITROSOACETOPHENONE  At  SENSITIVE 
AND  SELECTIVE  REAGENTS  FOR  COBALT* 

G.  S.  Dcthronk.  V.  D.  Aoand.  and  K.  N.  Mckrotra 
Benares  Hindu  University  (India) 

Translated  from  Zbumal  Analiticheskol  Khlmll,  VoL  16.  Now  3« 

pp.  313*314,  MayJune,  1960 

Orlgliul  article  submitted  Dcceii^>er  7, 1960 

Isonitiosoacetophenone  hat  been  used  for  a  long  time  as  a  reagent  for  detecting  Iron  [1*3).  cobalt,  nickel, 
cadmium,  copper,  lead.  tin.  zinc,  and  mercury  (4).  With  these  elements  the  r^ag^oi  forms  Inner-complex  salts 
with  characteristic  colors.  Recently,  the  p*oitrophenylhydrazoaet  of  certain  Isonluoso  compounds  (e.g..  Isonluo* 
soacetone  and  3-lsoniuosopentanedlooe  [5]  were  suggested  as  selective  reagents  for  cobalt.  A  hydrazone  is  readily 
formed  as  the  result  of  the  presence  of  a  free  keto  group  In  Isoniirosoacetophenone.  It  was  of  Interest  to  study  the 
effea  of  the  Introduaion  of  an  aromatic  group  on  the  reactivity  of  the  group  for  cobalt.  In  this  connection  we 
synthesized  the  p-nitro*  and  2.4-dlnitropbenylhydrazoacs  of  Isooitrosoacetophenooe  and  studied  their  analytical 
behavior. 

Synthesis  of  Reagents,  a)  p-Nltrophenylhydrazoneof  isonUrosoacetophenooe.  1.5  g  of  p-nltrophenylhydrazine 
in  100  ml  hot  water  was  added  to  a  solution  of  l.S  g  of  iTonitrosoacctopbenooe  (chemically  pure  grade.  Theodore 
Shuchaidt)  in  25  ml  of  hot  water.  The  mixture  was  acidified  by  addition  of  a  few  drops  of  glacial  acetic  acid  and 
was  kept  on  a  boiling  water  bath  for  25-30  rnin.  After  cooling,  the  orange  precipitate  was  filtered  off;  it  was 
recrystallized  from  metharK>l.  The  preparation  obtained  was  a  dark-orange  powder  with  m.p.  212*.  Analysis  **  t 

Found  (in  7^):  58.78  C;  4.39  H;  18.85  N. 

CuHuN40,.  Calculated  (in  “S-);  59.15  C;  4.23  H;  18.72  N. 

b)  2.4-Dintrophenylhydrazone  of  isonltrosoacetophenone.  Equimolar  amounts  of  IsonltrosoacetopherKMie  and" 
2.4-dinltrophenylhydrazlne  were  mixed  in  hot  dilute  alcohol. and  the  mixture  was  acidified  with  acetic  acid  and 
heated  under  reflux  for  3-i  hr.  On  cooling,  a  dark-red  precipitate  was  obtained.  The  precipitate  was  reoystallized 
from  toluene.  The  preparation  obtained  was  a  red  crystalline  powder  with  a  m.p.  of  233*.  AnalysU: 

Found  (in  51.28  C;  3.2S  H;  20.50  N. 

CmHijNjO,.  Calculated  (in  51.06  Cj  3.34  H;  21.28  N. 

Detection  of  Cobalt.  A  O.llfc  solution  of  the  reagents  in  ethanol  was  used. 

To  one  drop  of  test  solution  contained  In  a  micro  test  tube  was  added  one  drop  of  concentrated  ammonia  and 
two  drops  of  the  alcoholic  solution  of  the  reagent.  Depending  on  the  amount  of  cobalt,  a  dark  or  light  violet  color 
develops.  When  very  small  amounts  of  cobalt  are  present  a  rose  color  develops,  and  in  such  cases  Uic  color  Is  observed 
after  removing  excess  unreacted  reagent  by  exuaaion  with  ether. 

When  the  p-niuophenylhydrarone  of  isonltrosoacetophenone  is  used  the  limit  of  Identification  Is  0.1  pg,  while 
the  limiting  dilution  is  1:2  000  000.  Wuen  the  2,4-dinltropbenylhydrazone  of  Isonlaosoacetophenone  is  used,  a 
dark-red  color  appears;  the  limit  of  identification  Is  0.25 ug  Co.  while  the  limiting  dilution  is  1  1  1  000  OOOJ 

Nickel  at  high  concenuatlons  gave  a  light-blue  color,  which  can  be  eliminated  by  addition  of  a  dilute  solution 
of  an  alkali  metal  cyanide.  A  large  exceu  of  cyanide  should  be  avoided  since  it  Interferes  with  cobalt  detection. 
Other  cations  which  form  soluble  ammines,  e.g..  silver,  copper,  and  palladium.dld  not  give  a  color  with  the  reagents. 
The  color  which  develops  In  the  presence  of  cobalt  was  uable  In  the  pretence  of  a  moderate  exceu  of  KCN  and 
anmionlixn  ulta. 

*  Translated  from  English  by  Z.  L  Podgalskaya. 

*  *  Analysis  was  carried  out  by  Doctors  Wllcr  and  Straus  (Oxford.  EngUmd). 
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Cadmium.  Iroo.  lead,  mangaoeae,  mercury,  tin,  and  sine  (they  give  color  reaction  with  iaooltroioacctopheooae) 
do  not  interfere  with  cobalt  detectloo. 

Both  reageon  are  aoluble  In  aolutiont  of  the  alkali  metal  hydroxldei,  tlnce  they  are  enollzlng  nitroao  compound!, 
to  form  acldooitro  compounds  as  a  remit  of  a  regrouping.  Both  reagents  also  posseu  acid  properties  since  they  contain 
an  oxime  group  with  a  hydrogen  atom  which  it  capable  of  forming  a  coordination  bond  with  nitrogen.  The  transforma* 
tlon  into  the  iooogenlc  quinoid  form,which  Is  soluble  in  alkalis,  can  be  explained  In  the  tame  way  as  in  the  case  of  the 
p-nltrophenylhydr«zooes  of  Isonitrosoacetone  and  S-lsooltrosopemaoediooe  (5^ 

This  regrouping  does  not  proceed  fully  enough  in  the  pretence  of  ammonia,  to  that  only  a  bright-orange  color 
developed. 

When  cobalt  and  ammonia  are  present,  regrouping  of  the  reagent  moleculct  occurs  with  simultaneous  complex- 
Ing  of  cobalt  at  a  chelate  compuod. 

Formation  of  the  violet  complex  compounds  of  cobalt  with  the  p-nitro-  and  2,4-dinluopbeoylhydrazooet  of  Iso- 
nltrosoacetopbenone.  which  are  stable  to  alkali  metal  cyanides,  can  be  used  at  a  new  and  fairly  teositive  reaaionfor 
cobalt.  The  ordinary  cations  do  not  interfere.  The  introduction  of  the  pbenylhydrazone  group  into  isonitrosacetophe- 
none  essentially  modifies  the  nature  of  the  reagent,  at  a  result  of  which  a  new.  selective  reagent  for  cobalt  it  obtained. 

The  authors  wish  to  thank  S.  S.  Djohshi  for  his  assistance  and  for  G.  B.  Singh  for  enabling  the  work  to  be  carrledoot. 

SUMMARY 

p-Nitro-  and  2.4-dinItropbeayIhydrazooet  of  Isoniuosoaceiophenone  are  suggested  at  specific  and  sensitive  rea¬ 
gents  for  cobalt.  A  deep  violet  colored  con;pIex  is  formed  with  the  former,  while  a  deep  red  color  It  given  by  the 
latter  reagent.  Interference  from  nickel  it  supressed  by  addition  of  potassium  cyanide.  The  limits  of  Identification 
are  0.1  and  0.25  pg  of  cobalt  respectively,  while  the  dilution  limits  are  1  in  2  000  000  and  1  in  1  000  000  respectively. 
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DETECTION  OF  BORON  IN  SILICATE  ORES  BY  A  TRITURATION  METHOD 


E.  F.  Ozhigov.  V.  S.  Lozioikaya.  «ad  A.  L.  Kraiolttkaya 
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pp.  315*318.  May-June.  1960 

CVlginal  article  submitted  Mardi  14,  1960 

Duxiog  qualitative  deteaioo  of  boron  by  combustion  as  volatile  methyl  borate  [1],  or  in  the  form  of  Us  fluoride 
[1].  compounds  of  <^per.  barium,  and  some  other  elements  color  the  'flame  green  [2.3].  Deteaioo  of  boron  with 
curcumlo  [2.4.5.6]  it  difficult  in  the  presence  of  hydrochloric  acid  solutions  of  zirconium,  titanium,  and  molybdenum, 
and  also  la  the  pretence  of  oxidizing  agents.  Oxidizing  agenu  and  fluorides  ioterfae  with  the  use  of  chromocrope 
2B  (sodium  p*nltrobenzeQe*azo-2*chromotropateX6>  Daection  of  boron  with  quinalizarin  suffers  from  the  same 
defeat  when  preliminary  decomposition  it  effeaed  by  fusion  with  Na^COy  According  to  Isakov  [7].  oxidizing  agents 
(nitrates,  chromates,  and  hydrogen  peroxide)  and  colored  ioas(uivalent  iron,  coppa,  cobalt,  tri*  and  scxivaleot 
chromium,  quinquevalent  vanadium,  and  sexi*  and  septivalent  manganese) interfere  with  detection  of  boron  by  means 
of  quinalizarin.  Isakov  has  suggested  detection  of  boron  by  uiturating  the  ore  to  be  tested  with  quinalizarin  in  the 
presence  of  1*2  drops  of  sulfuric  acid.  By  using  this  technique  it  was  found  possible  to  limit  the  effea  of  interfering 
impurities  and  to  inaease  the  sensitivity  of  detection. 

The  aim  of  the  work  desalbed  here  was  to  establish  the  optimum  conditions  'or  carrying  out  this  reaaloa.  and 
to  determine  its  sensitivity  for  complex  borosilicate  ores  (diffaent  modifications  of  datolite.  danburite,  and  axinlte). 
The  chemical  composition  of  the  ore  samples  tested  are  given  in  Table  1. 

TABLE  1 


Chemical  composition. 


1 

Rock 

1 

B,0, 

so. 

Al.o, 

FcO 

j 

c«o 

.VtO 

MrO 

3.  cl 

^  total 

1 

Varictlcsofdatolitc  | 
a)  Ouartz -carbon ate  i 

1 

37 , 33 

1  1 

1  1 

None 

i  ' 

i  ‘3.23 

! 

I  1.31 

34.4 

0,20  ! 

0,66  I 

7,48 

99.33 

b)  Garnet 

1  8.93 

,  37. *8 

.  o.iy 

1  1.08 

,13.71 

34.7 

o.3y 

0.44 

3,18 

99,80 

c)  Hcdcrhcrgite 

8.77 

j  None: 

j  8.03 

None 

29,20 

5,51 

1,70 

3.35 

99.90 

d)  Mcdcr.bcr^tc* 
garnet 

'  1 
,  y.u) 

j 43.33 
:  40. »7 

1  ! 
i  1,92 

,  4,:i5 

6.15 

31,(K» 

2.44 

0,85 

3,60 

100,76 

Magnetic  Iron 
Dat^urite 

1  0.14 

1 

7,«i.t 

1 

‘3.40 

33.79 

1 

W.20 

o.ov 

»t.22 

0.23 

None 

99.28 

:!»».30 

,  o.:ut 

None 

,  0,40 

22,85 

U,'38 

None 

o.m 

99.97 

Axinite 

1 

1  41.37  ;18. 70  ; 

2.90 

1.18 

,  ‘21.08 

0.'3U 

8,10 

0.31 

100,32 

The  experimenul  technique  consisted  in  tht  following:  An  aliquot  of  ore  (40*8  mg)  was  triturated,  first 
s^ithout  quinalizarin  in  order  to  give  the  greatest  reaction  surface,  and  then  with  quinalizarin.  the  total  trituration 
taking  not  rrxsre  than  30  sec.  One  drop  of  concentrated  sulfuric  acid  was  added  to  the  mixture.  When  the  B|0|  coo* 
tent  of  the  aliquot  is  6  mg  or  more,  the  reaction  goes  in  the  cold;:he  ground  mixture  acquires  a  cornflower  blue 
color.  When  an  aliquot  containing  less  than  6  mg  of  B|0|  is  ground  for  a  longer  period,  the  color  only  appears  after 
heating  the  ground  mixture  (until  sulfur  trioxide  is  evolved).  All  the  samples  tested  gave  a  positive  reaction  for 
boron.  The  exception  was  the  magnetic  iron  ore  with  a  B|0]  content  of  0.14‘?*.  The  qualitative  reaction  for  thU 
material  gave  a  noncharactcristic  color,  presumably  because  of  formation  of  basic  salts  of  trivalent  and  divalent  Iron 
with  a  brown  color  which  mask  and  sorb  the  colored  quinalizarin  complex. 

The  color  intensity  depends  on  the  boron  content  of  the  samples.  For  B|0|  contents  greater  than  8^,  the  color 
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TABLES 


of  the  reactloa  produas  after  trituratloa  is  dark  bluet 
at  lower  B|0|  cootemi  the  color  imentity  is  weaker. 

In  order  to  enablish  the  reaction  sensitivity* 
samples  containing  boron  were  mixed  with  ground  ainar- 
pbous  silica. and  powders  were  prepared  in  tnls  way 
which  contained  very  small  amounts  of  BiOy.  All  these 
powders  after  trituration  with  quinalizarin  and  being 
ueated  with  one  drop  of  sulfuric  acid  gave  positive 
reactions  for  boron  after  heating  (they  gave  the  cons* 
flower  blue  color)}  they  included  mixtures  containing 
down  to  0.003  mg  B]0>  Mixtures  containing  0.002  mg 
B|0|  did  not  give  the  reaction.  Results  of  experiments 
As  these  results  show. the  limit  of  Identification  is  3|ig 

oflW 

The  sensitivity  of  the  qualiutlve  reaction  for  boron  by  the  quinalizarin  trituration  method  was  tested  out  on 
various  rocks  and  minerab  after  preliminary  decomposition  of  the  ore  by  fusion  with  Na^cPi.  Silicate  rock  was  fused 
on  the  lid  of  a  platinum  crucible  with  a  small  amount  of  NasCO^  [1^  The  melt  was  leached  with  water  and  the  eX' 
oact  evaporated  to  dry  ness.  A  solution  of  quinalizarin  in  sulfuric  acid  was  added  to  the  residue  and  the  mixture 
heated  gently.  When  no  interfering  impurities  were  present,  the  violet  color  of  the  quanlizarin  changed  to  blue  in 
the  presence  of  bororu 

Comparative  results  arc  given  in  Table  X 

As  the  results  in  Table  3  show,  after  fusion  with  NajCOj.  boron  could  not  be  deteaed  in  ‘he  samples  by  means  of 
quinallz.uln.  since  the  melts  and  their  exuaas  had  a  dark-green  color,  which  testified  to  the  presence  of  large  anxsunts 
of  manganese  In  the  umplet. 

It  should  be  pointed  out  that  after  prolonged  trituration  (for  more  than  one  mimjte)  the  blue  color  may  not  even 
appear  because  of  the  formation  of  a  large  amount  of  colored  reaction  products  which  mask  the  color.  Accordingly 
trituration  should  be  not  too  vigorous  and  should  be  of  short  duration. 

From  the  results  given  it  it  clear  that  the  trituration  method  ensures  higher  sensitivity  and  reliability  than  the 
fusion  method.  Minerals  which  have  varying  lattice  energies  and  lattice  parameters  are  present  in  borosillcate  rocks. 
Minerals  with  a  low  crystal  lattice  energy  will  be  the  first  to  be  desuoyed  [8). 

As  an  example  we  give  below  the  composition  and  structure  of  minerals  which  accompany  datolite,  according 
to  Betekhtin  [9],  and  also  the  energy  of  their  crystal  lattices  calculated  by  Fersman’s  method  [10.11].* 


Mineral  -U,  kcal/ nx>le 

Hedenbergite  CaFe[Sl,Oj  7593.7 

Manganese-bedenbergite  CaMn(Sl|0|]  7563.0 

Garnet 

grossularlte  Ca|Al|[SiO|J|  5992.7 

andradite  Ca,Fej[S104],  6043.9 

Datolitc  Ca|B,[Si04XOII^  5567.5 

Calcite  CaCO|  64B 


On  the  basis  of  the  results  on  the  en«iglet  of  the  crystal  lattices  of  silicate  minerals,  it  follows  thz:  bedcnberglte 
will  be  the  hardest  to  break  down  from  silicates,  and  datolite  the  easiest,  li  is  also  obvious  that  these  mlneralt  will 
dissolve  in  sulfuric  acid  at  the  tame  relative  rates.  In  fact,  Berlin  [12]  has  demonstrated  experimentally  that  the 
rate  and  extent  of  dissolutioa  of  minerals  which  compose  datolite  oie  are  not  the  same:  datolite  mineral  is  decomposed 
most  rapidly  and  completely,  and  decomposes  to  the  extent  of  96-100'^  In  60  min;  garnet  decomposes  to  the  extent 
of  12-20*^  in  the  same  period,  hedenbergite  decomposes  to  the  extent  of  2-4^  and  calcitc  47-50lk  The  slow  rate  of 
dissolution  of  calcite  can  be  explained  by  formation  of  a  sparingly  soluble  fiUc  of  gypsum  on  its  surface. 

*  Where  pouible.calculatlons  were  based  on  the  eka  complex  anions. 


Te«  material 

BjO, 

content 

Detection  of  boron  with 
quinalizarin  afters 

% 

Fusion  with 
Na,COa 

Trituration 

1 

Hedenbergite 

0.5 

Notdetd. 

Deteaed 

Wallaaannite 

LIO 

•  • 

Ditto 

Dark  colored  ore 
lime  with  hedenbergite 

0.61 

•  • 

• 

inclusions 

0.18 

•  • 

• 

Silica  schla 

None 

•  • 

Not  de¬ 
teaed 

carried  out  to  establish  the  sensitivity  are  given  in  Table  2. 
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.Accordingly,  during  trituration  of  datollte  ore  the  flrit  of  the  tlllcate  minerals  to  be  broken  down  and  to  dis¬ 
solve  In  sulhirlc  add  will  be  the  mineral  datollte,  so  that  the  boric  acid  will  dissolve,  while  the  Imerferlng  Impurities 
(manganese.  Iron)  will  remain  In  the  solid  phase.  This  Is  the  reason  for  the  high  sensitivity  of  the  trltuiatiog  method 
of  detecting  boron  In  datollte  ore,  and  for  the  weak  Interference  from  Impurities. 

It  should  be  noted  that  the  reactivity  of  various  boroslllcates  and  the  sensitivity  with  which  boron  can  be  detect¬ 
ed  In  them  will  alto  depend  on  the  energy  of  the  crystalline  lattice. 

Mineral  -U,  kcal/roole 

Axlnlte  Ca,(Mn.  FeJAliBSi^OulOH]  7185,4 

Datollte  Ca,B,[S104U0H^  5567.S 

Danburlte  Ca[B,SltOa)  4930.0 

Boron  It  detected  with  the  greatest  difficulty  In  the  mineral  axlnlte  and  !$  most  readily  detected  In  dadsurlte. 
The  limit  of  Identification  for  axlnlte  It  30|jg.  for  datollte  3  pg  and  for  danburlte  leu  than  3  |ig. 

SUMMARY 

Boron  can  be  readily  detected  In  borosUicate  ores  (In  various  species  of  datollte  and  In  danburlte)  by  triturating 
them  with  quinallxarlo  and  then  ueatlrtg  the  mixture  with  1-2  drops  of  sulfuric  acid. 

It  hat  been  shown  that  the  reactivity  of  borosilicatet  and  the  limit  of  Identification  depend  on  the  lattice  ener¬ 
gies  of  the  minerals  composing  the  ore. 

The  optimum  conditions  for  detecting  boron  are  gentle  and  brief  ulturatlon  (not  more  than  30  sec)  followed  by 
heating  of  the  reactants  until  sulfur  trloxlde  fumes  are  evolved. 
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Development  of  chromatographic  methods  of  separating  aoioos  became  possible  after  strongly  unifunctlonal 
anion  exchange  resins  became  available  [1].  Quantitative  separation  of  fluoride,  chloride,  bromide,  and  iodide 
anions  it  a  fairly  difficult  analytical  problem:  developmeoi  of  rational  chromatographic  methods  of  separating 
them  li  accordingly  desirable  [2L  Insufficient  work  hat  been  carried  out  along  these  lines  hitherto.  Equilibrium 
absorption  of  binary  mixtures  of  chloride-bromide  Ions  and  bromide-iodide  ions  by  chromatographic  grade  alumina 
has  been  uudied  coder  static  coodltions  [3).  Rieman  and  Uodenbaum  [4]  have  separated  mixtures  of  potassium 
chloride  and  bromide  on  the  strongly  basic  anion  exchange  resin  Amberlite  XE-67  in  the  nitrate  form.  The  work 
carried  out  by  Attcbery  and  Boyd  it  the  only  one  in  which  a  study  was  made  of  the  chromatographic  separation  of 
mixtures  of  flnoride,  chloride,  bromide,  and  iodide  ions;  separation  of  a  mixture  of  the  ammonium  halides  on  the 
anion  exchange  resin  Dowex-2  in  the  nitrate  form  was.  however,  not  completely  quantitative. 

We  thought  that  the  use  of  cation  exchange  resins  for  separating  anions  by  partition  chromatography  might 
be  a  promising  approach.  The  use  of  cation  exchange  resins  for  this  purpose  should  be  based  on  a  study  of  the  dis¬ 
tribution  cf  the  coinponents  of  an  aqueous-organic  mlxrure  between  the  ion  exchange  resin  phase  and  the  solution, 
and  alxs  on  a  study  of  the  partition  coefficients  of  the  materials  being  separated  between  both  phases. 

EXPERIMENTAL 

Cat.ot  eschange  resin  SBS  containing  70^  styrene  was  prepared  by  sulfonating  a  butadiene-styrene  vulcanizate 
contalrdr.g  3  parts  by  weir'.t  of  comblDcd  lulfie  and  100  parts  by  weight  of  the  copolyTiicr  with  9fj7»  sulfuric  acid  for 
10  hr  at  ICO*.  The  exch^-  gt  capacity  of  the  cation  exchange  resin  with  respect  to  sodium  chloride  proved  to  be 
3.43  rrg-equlv  per  g  of  dry  ion  exchange  resin.  The  degree  of  swelling  of  the  Ion  exchange  resin  In  the  H  and  in 
the  Na  forms  was  2.35  and  2.05  g  per  g  of  dry  resin  respealvely. 

A  study  was  made  of  the  distribution  of  the  components  of  aqueous- methanol  and  aqueous- aceton  mixtures* 
between  the  cation  exchange  resin  in  the  hydrogen  and  sodium  forms  and  the  binary  solutions,  throughout  a  whole 
range  of  cempysitions  of  the  binary  solutions. 

First,  the  swelling  of  both  forms  of  the  resin  in  binary  mixtures  of  varying  composition  was  studied  by  a  tech¬ 
nique  given  in  [6],  The  swollen  resin  was  brought  to  an  'surface  dry'  state  by  centrifuging  in  a  beaker  with  a  grid 
bottom;  an  accurately  weighed  aliquot  of  the  centrifuged  resin  was  then  brought  to  constant  weight  in  a  weighing 
bottle  at  105*. 

In  order  to  study  the  distribution  of  the  components  of  the  binary  solution,  an  accurately  weighed  aliquot  of 
about  1  g  was  placed  in  a  25-ml  bottle  with  a  well-fitting  grexind  glass  stopper,  and  15  ml  of  a  binary  solution  of 
known  composition  poured  into  the  flask;  the  moistuie  conieni  of  the  ion  exchange  resin  was  taken  into  account 
in  preparing  the  binary  solution.  After  24  hours  the  solution  wan  replaced  by  15  ml  of  a  solution  with  the  initial 
composition.  This  operation  was  repeated  until  the  ccmpositioo  of  the  solution  found  in  equilibrium  with  the  loo 
exchange  resin  became  equal  to  the  original  composition  of  the  solution,  which  was  usually  expressed  by  a  round 
number  for  the  molar  fraction  of  the  nonaqueous  compoocm. 

In  order  to  determine  the  composition  of  the  binary  solution  in  the  resin  phase,  the  latter  was  brought  to  • 
surface  dry  state  by  centrifuging,  and  part  of  this  resin  was  uansfened  to  a  tared  bottle  containing  40  ml  of  water. 
The  Inaease  in  weight  of  the  bottle  is  equal  to  the  weight  of  swollen  resin,  and  since  the  degree  of  swelling  at  a 
function  of  the  composition  of  the  qullibtium  snlutUMi  has  already  been  uudied,  the  weight  of  dry  resin  introduced 
into  the  bottle  was  also  known. 


Absolute  methanol  and  acetone  were  prepared  according  to  [5], 


It  WM  established  experimeoully  that  the  ooaaqueous  compoaeot  is  quantitatively  extracted  from  the  ioa  exchange 
resin  phase  in  one  exuactioo.  The  concenuatioo  of  thU  component  was  determined  on  a  liquid  imetferometer  using 
a  calibration  curve  constructed  beforehand. 

The  difference  between  total  swelling  and  content  of  nonaqueous  component  is  equal  to  the  water  content  of 
the  aliquot  of  resin  taken.  The  composition  of  the  solution  in  the  resin  phase  was  expressed  at  molar  fractions  of 
the  nonaqueous  component.  The  results  obtained  N|I  are  plotted  at  a  funaion  of  the  molar  fraction  of  the  nonaqueous 
compoaeot  in  the  equilibrium  binary  solution  N|:  four  of  the  systems  studied  are  shown  in  Fig.  1« 

The  figure  clearly  sIhsws  that  the  components  of  the 
aqueous- methanolic  mixtures  are  distributed  almost  uniformly 
between  the  resin  phase  and  the  binary  solutioa  phase.  This 
is  especially  the  case  for  the  resin  In  the  hydrogen  form,  for 
which  the  partition  curve  of  the  components  almost  fuses 
with  the  diagonal  of  the  N|1  -  Nf  square.  Aqueous- acetone 
inlxtuxct  axe  distributed  unevenly  betwren  both  phases. 
Asymmiuy  is  particularly  clearly  marked  for  the  resin  in 
the  sodium  form  (Curve  4).  It  is  clear  from  Fig.  1  that  the 
Na  Ion  exchange  resin  phase  which  is  in  equilibrium  with 
the  solution,  and  whose  molar  fraction  of  acetone  is  0.7, 
contains  82  mole  percent  of  water.  This  fact  means  that  it' 
should  be  possible  to  realize  efficient  partition  chromatogra¬ 
phy  on  the  carrier" the  ion  exchange  resin  In  the  sodium  form 
containing  the  aqueous- acetone  mixture  with  a  predominat¬ 
ing  water  content  as  the  stationary  phase,  and  a  mobile  phase 
in  which  acetone  predominates. 

In  order  to  study  the  partition  of  sodium  halides  be¬ 
tween  the  phases,  analytical  grade  reagents  which  were 
not  subjected  to  further  purification  were  used.  To  flasks 
containing  an  aliquot  of  air-dry  resin  corresponding  to  2  g 
of  the  dry  resin  was  added  acetone  and  water  In  such  amounts 
that  after  taking  into  account  the  water  content  of  the  tesin 
and  its  degree  of  swelling  with  respect  to  water  and  acetone. 
15  ml  of  a  solution  of  a  given  composition  was  obtained. 
Varying  amounts  of  sodium  halide  corresponding  to  varia¬ 
tions  in  salt  concentration  over  the  range  0.05  to  1.0  mg/ ml 
were  then  added  to  these  flasks.  Experiments  were  carried  out  a:  22*  for  24  hr  with  periodic  shaking.  Special  experi¬ 
ments  established  that  this  period  was  in  excess  of  that  required  to  establish  equilibrium  distribution  of  the  salts  be¬ 
tween  both  phases.  Next,  10  ml  of  the  equilibrium  solution  was  evaporated  on  a  water  bath  at  100*;  the  dry  residue 
was  dissolved  in  10  ml  of  distilled  water  and  the  salt  concentration  of  the  solution  obtained  de'crmincd  on  an  Inter¬ 
ferometer  using  calibration  curvis  which  were  constructed  beforehand  for  all  the  halides.  The  salt  content  of  the 
resin  phase  was  determined  by  the  difference  between  its  content  in  the  otiginal  and  equilibrium  solutions.  On  the 
basis  of  the  results  obtained,  a  partition  Isotherm  was  constructed  within  the  coordinates  salt  concentration  in  thercs- 
in  phase  vs. salt  concentration  In  the  equilibrium  solution.  The  concentration  was  expressed  In  both  phases  as  mg/ ml* 
Over  the  halide  concentration  range  studied  the  partition  lines  are  completely  linear,  at  it  evidenue.g..  from  Fig.  2 
in  which  are  shown  the  partition  isotherms  for  solutions  of  NaCl  and  NaCr  for  a  molar  fraction  of  0.7  of  acetone  In 
the  external  solution. 


Fig.  1.  Molar  fraction  of  nonaqueous  component 
in  the  resin  phase  (NjO  *  function  of  the  mo¬ 
lar  fraction  of  this  component  in  the  solution 
phase  (Nj).  1)  Watcr-mcthanol-resin  In  the 

H  form;  2)  water-mcthanol-resin  in  the  Na  form; 
3)  watcr-acctone-rcsln  in  the  H  form;  4)  watcr- 
ace'onc-resl.i  in  the  Na  form. 


*  The  volume  of  the  solution  in  the  swollen  resin  phase  was  calculated  on  the  basis  of  data  on  the  densities  of 
aqueous-acetone  .mixtures  (8). 
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Putltk>n  CoefTIcieatt 


Salt 

Wil 

N. 

n 

N. 

K 

Nal 

178.7 

0.8 

2,05 

NaCl 

36,0 

0.7 

7.90 

NiRr 

90.5 

0,8 

9.0 

NaCl 

36,0 

0.5 

3.45 

NaBr 

90,5 

0,7 

2,65 

NaF 

4.2 

0.5 

il.i 

A  summary  of  the  results  obtained  for  the  partition  ooefncicnti  axe  given  in  the  tablet  they  are  equal  to  the 
slopes  of  the  partition  Isotherms. 


The  table  shows  that  the  salt  which  is  most  soluble  In  water  (Nal)  has  the  lowest  partition  coefflcfeac*  and 
vice  versa.  This  Is  explained  by  the  fact  that  the  lower  the  solubility  of  a  salt,  the  more  strongly  pronounced  Is  the 
deaease  In  solubility  produced  by  addition  of  acetone.  It  Is  also  clear  from  the  table  that  for  a  molar  fraction 
of  acetone  In  the  equilibrium  solution  of  0.8.  the  partition  coefficients  of  Nal  and  NaBr  differ  by  6.95  units}  at  a 
molar  ratio  of  0.7  for  acetone  the  partition  coefficients  of  NaBr  and  NaCl  differ  by  5.2  units,  and  for  a  molar  ratio 
of  0.5  for  a '  .^one  the  partition  coefficients  of  NaCl  and  NaF  differ  by  7.6  units.  Such  differences  In  the  valnes  of 
the  partition  coefflcleats  axe  quite  sufficient  for  a  clear  separation  of  mixtures  by  panltlon  chromatography  [7^ 
Accordingly,  mobile  phases  with  molar  fractions  of  0.8,  0.7,  and  0.5  respectively  of  acetone  were  used  for  separat¬ 
ing  Nal.  NaBr,  acd  NaCl.  Bearing  in  mind  the  very  low~sol ability  of  NaF  in  mixtures  containing  much  acetone,  in 
order  to  compress  Its  zone  this  material  was  eluted  with  a  mixture  containing  acetone. 


Fig.  2.  Partition  isotherms, 

1)  NaCl  and  2)  NaBr  at  a 
molar  ratio  of  0.7  of  acetone. 


A  50x  2  cm  column  contained  32  g  of  the  ion  exchange  resin  in  the  sodium 
form  (particle  size  0.25*0.50  mm)  swollen  in  a  mixture  comainbg  80^  acetone. 

The  halides  were  Introduced  into  the  top  part  of  the  column  in  the  form  of  a  mixture 
of  the  solid  salts.  The  throughput  of  the  mobile  phase  (0.5  ml/ min)  was  kept  r  extant 
by  means  of  a  Mariott  flask  provided  with  a  narrow  capillary.  Teo-ml  aliquots  of 
eluate  wete  colleaed  and  each  aliquot  analyzed  on  an  interformmeter  as  described 
during  the  study  of  the  partition  coefficients.  Elution  curves  obtained  during  separa* 
tlon  of  the  four  halides  In  a  typical  experiment  art  shown  In  Fig.  X 

15.0  mg  Nal,  20.2  mg  NaBr,  15.0  mg  NaCl,  and  20.0  mg  NaF  were  Introduced 
Into  the  column.  On  the  basis  of  the  areas  under  the  peaks  on  the  elution  curves,  the 
values  obtained  for  the  respective  salts  were  14.9,  19.8,  15.0  and  20.2  mg.  Thus 
separation  Is  strictly  quantitative,  the  error  not  being  greater  than  \\  Not  only  do 
the  zones  not  overlap  each  other  (as  observed  previously  [1])  but  there  axe  clear  gaps 
between  the  zones,  the  value  of  Vihich  it  determined  by  the  time  taken  to  replace  one 
mobile  solvent  by  the  next.  The  elution  curves  are  arranged  In  order  of  loueaslng 
partition  coefficient,  no  tailing  It  observed,  and  the  curves  are.  almost  Ideal  Gaussian 
error  curves.  It  follows  therefore  that  our  experiments  are  covered  by  the  theory  of 
partition  chromategraphy.  and  are  not  complicated  by  side  effects. 

By  varying  the  degree  of  cross-linking  of  the  resin,  and  also  the  nature  and  com¬ 
position  of  the  binary  solutions,  it  It  possible  to  change  the  partition  coefficients  of 
the  materials  to  be  separated  very  accurately  and  over  exuemely  wide  limits.  The 


Fig.  3.  Elution  curves  of  Na  halides.  N|  Is  the  molar  fraction  of  acetone 
In  the  mobile  phase. 
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method  ootlloed  here  therefore  cm  be  widely  applied  to  the  developmem  ot  chromatograplilc  methods  of  leparatliig 
complex  mlxtnrei  of  anloos. 

SUMMARY 

A  itudy  has  been  made  of  the  panitloa  of  the  compooemt  of  aqueoui-methaiiol  Md  aqueoos*acetooe  mixtures 
between  the  cation  exchange  resin  SBS  in  Its  hydrogen  Md  sodinm  forms  Md  the  binary  solutions,  over  a  whole  range 
of  varying  compositioru  of  the  b.^iary  solotloot 

The  partition  coeffldents  of  sodium  halides  between  the  resin  In  Its  sodium  form  Md  aqueous- acetone  mixtures 
have  been  studied. 

On  the  basis  of  the  retulu  obtained  a  method  has  been  developed  for  the  quantitative  diromatographlc  separa- 
tloo  of  mixtures  of  sodium  halidea. 
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Little  work  has  been  canied  out  on  the  titrimetrlc  determination  of  oxygen  compounds  of  chlorine  in  each  odi* 
er’i  presence;  a  review  of  this  work  it  given  in  [1],  Almost  all  these  methods  are  based  on  stepwise  tiuatlon  by 
means  of  various  solutions  of  separate  aliquots  of  one  or  more  components,  depending  on  the  conditions.  In  the  pre* 
sent  anicle  the  possibility  it  demonstrated  of  carrying  out  atiuimetric  determination  of  hypochlorites,  chlorltea, 
and  chlorates  by  meant  of  arseoite  on  one  aliquot. 

The  hypochlorii':  solutions  were  prepared  by  neutralizing  excess  of  an  alkali  solution  of  hypochlorout  acid, 
obtained  from  CIjO  formed  by  the  interaction  of  yellow  mercury  oxide  with  chlorine  in  CCI4  (2),  Chlorite  solutions 
were  prepared  by  the  interaction  of  CIOj  solutions,  obtained  from  potassium  chlorate,  oxalic  and  sulfuric  acids  [3]. 
with  excess  alkali  in  the  presence  of  hydrogen  peroxide  [4],  A  bicarbonate  solution  of  sodium  arsenite  was  used 
for  titration. 

An  A4-M2  tube  voltmeter  was  used  for  the  potentiometric  titration  of  hypochlorites  and  chlorites.  The  indi¬ 
cator  electrode  was  a  smooth  platinum  disc,  while  the  reference  elecuode  was  a  saturated  calomel  electrode  with 
an  agar-agar  bridge  filled  with  saturated  potassium  chloride  solution.  The  solution  being  titrated  was  nlned  with 
a  magnetic  uirrer.  The  end  point  was  determined  on  the  basis  of  the  maximum  value  of  AE/^hC. 

Control  analyses  were  carried  out  by  other  methods;  hypochlorite,  chlorite  or  their  total  amount  was  deter¬ 
mined  lodometrically  [5].  while  chlorate  was  determined  bromatometrlcally  [6J. 

aj  Extermination  of  Chlorites  by  Means  of  Arsenite.  Chlorites  arc  very  slowly  reduced  by  arsenite  in  alkaline 
media  (1.7J.  We  have  found  that  this  process  can  be  speeded  up  considerably  In  the  presence  of  OSO4.  Characteristi¬ 
cally.  osmlc  acid  is  a  good  catalyst  of  many  oxidation-reduction  reactions  (S-IOJ.  and.  moreover.  Is  used  during  the 
liulmctrlc  determination  of  chlorates  (11-13^ 

We  attempted  to  develop  a  potentiometric  method  for  determining  chlorites  with  arsenite  In  the  presence  of 
OSO4.  As  preliminary  experiments  showed,  such  a  method  it  possible,  the  accuracy  and  speed  of  titration  of  chlorites 
being  dependent  00  a  number  of  factors. 

Since  chlorite  solutions  at  a  rule  contain  some  chlorates,  determination  of  chlorites  must  be  carried  out  in 
an  alkaline  medium,  since  in  acid  solutions  in  the  presence  of  OSO4  reduction  of  chlorates  Is  possible  [8-13).  It 
was  established  that  when  the  chlorite  solution  to  be  titrated  was  made  alkaline  with  sodium  hydroxide, norma'ly 
only  hot  solutions  are  titrated.  Moreover,  when  solutions  are  made  alkaline,  it  is  impossible  to  titrate  even  hot 
solutions  of  the  chlorites  of  the  alkaline  earth  metal  (iii  paniculai  the  chlorites  of  strontium  and  barium);  this  is 
most  probably  the  result  of  catalyst  deactivation. 

Tiuation  is  signi.lcantly  improved  and  simplified  by  using  souium  carbonate  for  rendering  the  test  solution 
alkaline.  A  cha-  Jteristic  feature  in  this  case  is  that  the  reaction  between  arsenite  and  chlorite  in  the  presence  of 
OSO4  proceeds  appreciably  more  rapidly,  and  titrimetrlc  determination  of  chlorite  becomes  possible  even  at  room 
temperature.  By  using  Na^COi  for  alkalinification  it  is  also  possible  to  titrate  the  alkaline  earth  metal  chlorltet. 

In  this  case  sodium  carbonate  precipitates  the  alkaline  earth  metals  as  their  carbonates,  the  presence  of  the  pre¬ 
cipitates  of  which  does  not  affect  the  catalyst  activity. 

Too  large  an  excess  of  catalyst  concentration  must  be  avoided,  since  under  such  conditions  the  catalyst  it 
itself  reduccd.and  this  inevitably  affects  the  accuracy  of  chlorite  determination.  Accordingly,  we  used  only  0,2  ml 
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TABLE  i.  DetcrmlnMloa  of  Chloritei  lodomctrlcilly  and  by  the  Arienltc  Method 


Expe.  No. 

Chlorite 

Chlorite  determined, 
_ mcq _ 

Deviadon, 

1 

Acid  to  die  original 
aoludon 

lodo- 

metrically 

byihcpoicn* 
uometric  ar  * 
aenltemetho 

1  M  NagCO^ 
ml 

chlorate, 

roeri 

1 

Sodium 

1.793 

1,793 

0 

2 

2 

1,793 

1,793 

0 

10 

— 

3 

1,793 

1,791 

-0,11 

5 

2.2 

4 

1,793 

1.7M 

+0.27 

3 

13,2 

5 

1,793 

1,790 

-0,17 

3 

8,8 

6 

3,586 

3,590 

+0,11 

4 

7 

Calcium 

2,163 

2,162 

-0,05 

2 

8 

2,163 

2.161 

-0,09 

10 

9 

2.164 

2,163 

0 

5 

4,4 

10 

Strondu  0 

2,147 

2.149 

+0.00 

3 

11 

2,147 

2,150 

+0.14 

10  . 

— 

12 

2,147 

2,118 

+0.05 

5 

8.8 

13 

Barium 

2,145 

2,147 

+0.09 

3 

— 

14 

2,145 

2,145 

0 

5 

11.0 

(4-5  drops)  of  a  0.l5»  soIut!oa  of  OSO4  for  each  determination.  This  negligibly  small  amount  of  catalyst  has  almoX 
no  effect  on  the  accuracy  of  a  determination;  it  it  sufficient,  howeser,  to  speed  up  the  reaction. 

Table  1  contains  results  for  titration  of  chlorites  (10-20  ml)  obtained  with  the  new  method  of  titrating  with 
0.1  N  arsenite  solution  in  the  presence  of  OSO4:  these  results  are  compared  with  those  obtained  by  the  usual  iodome- 
tric  method  (5^ 

As  the  results  in  Table  1  show,  chlorites  can  be  tiaated  fairly  accurately.  It  should  be  pointed  out  that  when 
the  test  solutloc  is  made  alkaline  with  sodium  carbonate,  neither  the  accuracy  nor  the  speed  of  potentiomeuic 
titration  drop  even  when  a  large  excess  of  carbonate  is  used.  The  presence  01  even  large  artsounts  of  chlorate  has 
almost  no  effect  on  tfie  accuracy  of  chlorite  determination  (see  Table  3). 

TABLE  2,  I>ctermlnatlon  of  Hypochlorite?  by  the  lodomctric  and  Arsenite  Methods 


Expt. 

No. 

Hypochlorite 

Hypochlorite 

determined 

Deviation, 

Added  to  the  original 
solution 

iodomet-.bythe  pot**n- 
ricaUy  iti^^nctricar- 
'  {scnltc  metho 

IM  |1  N 

NajCpj,  NaOil. 

1  ml  1  ml 

chlorite, 

mcq 

1 

Soditun 

1.252 

i.ro 

--0.16 

5 

2 

l.'iVi 

^1,36 

5 

— 

8.97 

3 

1,252 

l.'2.54 

+0,16 

3 

2.99 

4 

1,252 

1,250 

—0,16 

_ 

10 

8.97 

5 

1,252 

• 

— 

3 

8,97 

6 

Calcium 

1,828 

1,828 

0 

— 

— 

7 

1,828 

1,833 

+0,28 

3 

8 

1.828 

1.828 

0 

— 

10 

10.82 

9 

1,828 

• 

— 

— 

3 

10.82 

10 

StronUum 

i,ia5 

1,184 

—0.09 

— 

— 

— 

11 

1,18' 

1,184 

—0,09 

— 

to 

— 

12 

1,185 

1.185 

0 

— 

5 

10.74 

13 

1,185 

• 

— 

2 

10,74 

14 

Barium 

1,6.18 

1.639 

+0,06 

_ 

— 

— 

15 

l,fK« 

1,638 

0 

5 

16 

1,6.58 

-1,74 

>+6 

5 

... 

2,84 

17 

1,638 

1,636 

—0,12 

_ 

5 

18 

l,(kW 

1,638 

0 

3 

2,14 

19 

1,638 

1,638 

0 

10 

12,84 

20 

1,638 

• 

— 

— 

3 

12,84 

*  Solutioru  yellowed  during  titration  (C10|  evolved);  the  end  point  could  not  be  determined. 


337 


I 


b)  Dtterminatloa  of  Hypochlorltci  by  Meant  of  Arienitc.  In  the  given  Innance  the  most  lultable  method  woold 
appear  to  be  a  poteatlometrlc  determination  of  bypochloritei  in  an  alkaline  medium  (pH  >  9)  by  the  method  of  FlU 
and  Bynyaeva  Their  paper,  however,  does  not  contain  any  actual  data  on  the  amount  of  chlorite  preteat,  and 
there  it  no  mention  of  titration  of  alkaline  eanh  metal  hypochloritet.  Accordingly,  we  carried  out  teveral  additional 
potentiometrlc  determlnatloot  of  hypochloritet  in  which  theeffccttof  alkallnificatloo  and  the  pretence  of  chlorate 

in  the  test  lolutiont  were  examined.  The  experimental  results  obtained  during  t*  ttion  of  hypochloritet (10>20  ml) 
with  0.1  N  arsenUe  tolutioo  are  given  in  Table  2|  these  results  ate  compared  with  those  obtained  by  the  cited  lodo* 
meuic  method. 

At  the  results  in  Table  2  show,  during  tlaation  of  hypochloritet  with  artenite  tome  characteristic  features  arc  , 
observed. 

Firstly,  titration  of  hypochlorite  in  the  absence  of  chlorite  can  be  carried  out  whatever  method  it  used  for 
alkaliniflcatioo.  Kheo.  however,  chlorite  is  present,  alkallnification  of  test  solution  with  sodium  errbonate  leads 
to  sharp  inaease  in  the  results  for  hypochlorite  (Table  2.  exptt.  2  and  16).  We  think  that  this  can  be  explained  by 
the  fact  that  the  carbonate  medium  favors  interaaion  of  arsenite  with  chlorite. 

Secondly,  and  this  it  the  most  imponant  feature,  with  increasing  chlorite  concentration  in  the  test  tolutlon, 
the  solution  must  be  made  more  alkaline  with  sodium  hydroxide.  As  it  evident  from  the  results  given  in  Table  2 
(expts.  5,9.13,10)  when  the  original  alkalinity  of  the  test  solution  it  too  low,  potentiometrlc  determination  of  hypo* 
chlorites  in  the  presence  of  chlorites  becomes  impossible.  When  the  solution  is  not  alkaline  enough,  during  titration 
with  arsenite.  chlorine  dioxide  starts  to  come  off.and  this  colors  the  solution  yellow;  moreover,  the  pH  of  such  solu* 
tioot  drops  to  9  and  lower. 

c)  Determination  of  Chlorates,  For  chlorate  determination,  we  chose  a  bromatometric  method  bated  on  titra* 
lioo  with  potauium  btomate  of  the  excess  arsenite  which  has  rK>t  reacted  with  chlorate  [6).  This  method,  however, 
requires  a  solution  in  which  the  acidity  is  high  (1  ml  of  concentrated  HCI  per  7  ml  of  solution),  and  prolonged 
boiling  (IS  min).  These  drawbacks  are  elL.ilnatcd  when  OSO4  is  used  [11^ 

At  our  experiments  showed,  vhen  the  test  solution  contains  0.2  ml  of  0.1^OsO4  solution,  it  Is  sufficient  to 
acidity  the  test  solution  with  1>2  ml  of  concentrated  HCI  and  to  boil  it  for  only  1*2  min. 

d)  Sinrjltar.eous  Dctcrm.lnatlon  of  H)pochloTlte.  Chlorite,  and  Chlorate.  On  the  basis  of  our  results  given 
above  and  on  published  data,  we  concluded  that  by  modifying  the  conditions  it  should  be  possible  to  determine 
bspochlcrlte,  chlorite,  and  chlorate  in  one  aliquot  by  mcand  of  arsenite.  Table  3  contains  some  experimental 
rcrulu  characterizing  such  a  determination  of  hypochlorite,  chlorite,  and  chlorate  in  each  others  presence  when  the 
n  t'.hod  given  below  was  used. 

TABLE  3.  Determination  of  H>pochiofite$.  Chlorites,  and  Chlorates  in  Mixtures 


Expt, 

No, 

SaU 

1  mixture 

Determined,  meq 

Total  In  mcq  of  hypo¬ 
chlorite  and  chlorite 

hypochlorite 

chlorite 

chlorate 

lodo- 

mctrlcally 

poicntlo- 

metrically 

1 

Sodium 

O.aVi 

2.008 

0.686 

2,842 

2.844 

2 

0,708 

1,940 

6,903 

2,717 

2,708 

3 

1,141 

1,563 

1.392 

2,701 

2,794 

4 

1,105 

0.855 

0.084 

1.957 

1,960 

5 

0.590 

1.438 

0.044 

2,028 

2,028 

6 

Calcium 

1,098 

0,a40 

0,064 

1,942 

1,938 

7 

2,230 

1,761 

0.111 

3,991 

3,991 

8 

0,716 

1,220 

o.avi 

l.lUl 

1,936 

0 

Strontium 

0,645 

1,942 

I0,r»:t 

2.590 

2.587 

10 

0.4'H 

2,708 

2,157 

3,200 

3,202 

11 

Barium 

0.480 

1,455 

0,517 

1,938 

1,935 

12 

0,893 

0,913 

0,094 

1,806 

1,806 
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pctermlnttion  of  HypochlorUc  A  known  volume  (10*20  ml)  of  test  solution  Is  aUulinlfledwith  2*6  ml  of 
1  N  sodium  hydroxide  solution.  The  platinum  and  calomel  electrodes  are  immersed  in  the  solution  and  the  galvanle 
cell  and  tube  voltmeter  twitched  on.  The  test  solution  is  stirred  with  a  magnetic  ttiner  and  tluated  with  arsenita 
solution,  the  potential  changes  being  followed.  Should  the  solution  start  to  acquire  a  yellow  color  during  titration* 
this  may  mean  that  the  chlorite  concenuation  it  too  highs  determination  should  therefore  be  repeated  after  adding 
a  larger  amount  of  alkali  (e.g.*  10  ml  of  1  N  NaOil). 

The  arsenlte  is  added  dropwlse  near  the  end  point.  The  end  point  is  readily  established  on  tl^  basis  of  the 
maximum  change  in  potential  difference  on  addition  of  successive  drops  of  arsenlte  solution,  Le.*  on  ££/  tC^ 

Determination  of  Chlorite.  After  hypochlorite  determination,  to  the  solution  is  added  1  N  NaHCOi  solution  la 
an  amount  which  is  1.5-2  times  the  amount  of  sodium  hydroxide  used  (for  converting  the  hydroxide  to  carbonate) 
and  4-5  drops  (about  0.2  ml)  of  0.1*%  OO4.  At  this  stage  the  difference  in  potentials  of  the  cell  acquires  Us  original 
value.  Titration  with  arsenlte  is  then  continued  as  for  hypochlorite  determination,  until  the  potential  jump  corres* 
ponds  to  the  end  point.  The  ooocentratloo  of  the  amount  of  chlorite  it  calculated  from  the  amount  of  arsenlte  which 
hat  been  used. 

Determination  of  Chlorate.  After  the  chlorite  hat  been  determ ined.tbe  electrodes  are  removed  from  the  soils’ 
tion  and  the  chlorate  determined  bromatometrlcally  in  the  same  solution.  For  this  purpose  excess  arsenite  b  added 
to  the  solution;  the  solution  is  neutralized  to  the  methyl  orange  end  point  and  then  acidified  with  1-2  ml  of  coo- 
cenaated  hy  drochloric  acid;  ab^’t  0.1  g  of  KBr  is  finally  added  and  the  liquid  boiled  for  1-2  min.  The  excess 
arsenlte  U  back  tluated  in  the  hot  solution  with  bromate  using  methyl  orange  as  indicator.  The  amount  of  chlorate 
b  calculated  on  the  basis  of  the  difference  between  the  amounts  of  original  and  residual  arsenlte. 

SUMMARY 

It  has  been  established  that  OSO4  catalyzes  the  reaction  of  chlorites  with  arsenite  in  an  alkaline  medium. 

A  new  method  hat  been  developed  for  the  potent lometric  determination  of  chlorites  in  an  alkaline  medium 
by  means  of  arsenlte  in  the  presence  of  OSO4  as  catalyst. 

A  new  arstnitomeuic  method  is  suggested  for  the  tucccuive  determination  of  hypochlorites,  chlorites,  and 
chlorates  in  one  aliquot. 
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The  basis  of  all  photometric  methods  of  determining  fluoride  is  the  process  of  complexing  the  cations  of  metala 
which  have  been  complexed  beforehand  by  some  other  reagent  at  a  colored  compound  into  colotleu  fluoride  compoaoda. 
During  this  process  the  color  intensity  of  the  solution  decreases.  Other  anions  which  form  cdocleu  complexes  with 
the  central  ions  of  the  metals  can  show  similar  behavior.  The  mechanism  of  the  formation  of  colored  complexes  and 
their  stability  has  not  been  studied  sufficiently.  Many  authon  have  pointed  cMt  the  slgalflcant  influence  of  the  acidity 
of  the  solutions  and  of  certain  ions  on  the  sensitivity  and  accuracy  of  the  results  [1-4];  accordingly.  It  Is  recommended., 
that  standard  experimental  conditions  muu  be  strictly  adhered  to  during  fluorine  determination. 

The  most  suitable  reagents  for  fluoride  determination  are  those  which  form  sirrple  complexes  over  a  wide  pH 
range  with  metals.  In  the  present  article  it  is  suggested  that  solutions  of  certain  complexes  of  the  reagent  arieoazo 
can  be  used  for  determining  fluoride;  this  reagent  has  been  suggested  by  Kuznetsov  [5]  for  the  determination  of  small 
amounts  of  rare  elements.  The  complex  of  axsenazo  with  thorium  has  already  found  application  for  the  determination 
of  fluoride  [6].  Many  arsenazo  complexes  poues  an  Intense  color,  changes  in  which  can  be  used  for  fluoride  determi¬ 
nation  (7^ 

The  complexes  have  a  simple  com.posltlon  (the  ratio  of  metal  to  reagent  In  them  is  1  M  or  1 :2)  and  exist  over 
a  wide  pM  range,  so  that  they  can  also  be  used  for  altering  the  sensitivity  of  fluoride  determination  over  a  wide  con¬ 
centration  range. 

On  adding  fluorides  to  solutions  of  the  colored  com.plexes  of  axsenazo.  some  of  the  metal  it  complexed  Into  a 
colorless  fluoride  complex,  while  part  of  the  reagent  changes  to  the  free  state.  The  optical  density  cf  solutions  de¬ 
creases  at  wave  Icngthscharactcfistlc  cf  the  complexes,  and  Inaeaset  at  wa\e  lengths  characteristic  of  the  reagent. 

In  Fig.  1  are  shown  as  cxauTp’.es  the  change  In  the  abrorptloo  spectra  of  solutlom  of  the  complex  compounds  of  arsena- 
zo  with  the  uranyl  ion  on  adding  sodium  fluoride  to  them  at  varying  pITs.  Fig.  2  shows  the  cha.nges  in  the  concentra¬ 
tion  of  the  colored  complex  under  the  action  of  fluoride  at  various  acidities  of  the  soluticov 

Calibration  curves  for  the  determlnaticn  cf  fluorine  are  shown  in  Fig.  3.  Calibtatloa  curves  were  coostruaed  as 
follows.  One-mi  lots  of  5  •  10“*  M  uranium  in  the  form  of  an  aqueous  uranyl  nitrate  solution,  and  1-ml  lots  of 
8.S  •  10~^  M  aqueous  arsenazo  solution,  were  intro^iuced  into  a  series  of  25- ml  standard  flasks  2  ml  of  a  0.5  N  aolutloo 
of  au  acetate  buffer  mixture  was  then  added  to  each  flask  to  establish  the  requisite  pH.  Fluorine  was  added  to  the 
solutions  in  the  flasks  in  the  form  of  sodium  fluoride  solution.  Ail  the  solutions  were  made  up  to  the  mark  with  water 
and  carefully  mixed;  after  standing  for  15*20  min  their  optical  density  was  measured  at  620  m>i  In  a  10-mm  cuvette. 

The  sensitivity  of  the  determination  depends  on  the  conditions  under  which  the  reaaloo  Is  canted  out  (Fig.  3). 
Accordingly,  by  varying  them  it  Is  poteible  to  determine  fluoride  over  a  wide  concenuaiioo  range:  from  bundiedtha 
of  a  microgram  to  mllligiami  per'ml. 

The  optical  density  of  solutions  of  the  complexes  of  zirconium,  thorium,  and  aluminum  with  arsenazo  was  deter¬ 
mined  lo  the  Mme  way  on  adding  varying  amounii  of  fluoride. 

Table  1  contains  the  conditions  for  fluoride  determination  and  the  sensitivity  of  the  method  on  using  arsenazo 
with  various  metals  (cuvette  with  a  transmlstlon  layer  of  10  mm).  Optical  density  was  measured  on  anSF-4  spectro¬ 
photometer.  From  the  results  given  in  Figs.  1-3  and  in  Table  1.  It  is  clear  that  the  effea  of  fluoride  tons  deaeaics 
with  increasing  plL  This  Is  explained  by  the  fact  that  the  reagent  arsenazo  Is  a  sexibaslc  acid,  the  last  four  dUsodJ- 
tlon  stages  of  which  characterize  arsenazo  as  a  weak  acid  (8^ 
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Fig.  1.  Changes  in  the  abtorptioa  spectra  of  solutions  of  the  uraDyl-anenazo 
complex  on  adding  sodium  fluoride.  Uranium  coocenuatlon  2*10**M| 
arsenazo  concentration  3.4  •  10**  M.  Series  of  curves  at  pH  3.0r  1)  fluoride 
coocemratloo  1*10**M;  2)  4*10-*  M;  3)  2*10*^»4)  10*^|  5)  0.0.  Se¬ 
ries  of  cmves  at  pH  5.0:  1)  fluoride  concent<«iion  1  •  10**  Ms  2)  6*  10**1 
3)  4*10**j  4)  2‘10**r  5)  !•  10**1  6)  0.0.  Series  of  curves  at  pH  7. 5t 
i)  fluoride  coocenuatlon  3.5*  10**1  2)  2»10**|  3)  1»10**|  4)  0.0| 

6)  5*10**. 


Fig.  2.  Change  In  the  ccncenuation  of 
the  uranyl-artenaro  complex  on  adding 
fluoride.  Uraalam  concentration  2*  10**  M, 
arsenazo  concentration  3.4 •  10**  M. 

1)  pH  3.0;  2)  pH  5.0;  3)  pH  7.5; 

4)  pH  9.0;  5)  pH  10.0. 


Fig.  3.  Calibration  curve  foe  fluoride  de¬ 
termination  on  the  basis  of  the  decrease 
in  the  color  Iniecslty  of  the  uranyl- arsena¬ 
zo  complex.  Uranium  concentration 


As  shown  earlier  (9J.  metal  Ions  replace  the  hydro-  2,0*  10“*  M;  reagent  conce.nuatlon  3,4*  10  ’M, 

gen  Ions  in  the  arseno  group  or  in  the  hydroxy  group  of  1)  pH  3.0;  2)  5.0;  3)  7.0. 

the  arseno  molecule,  splitting  of  hydrogen  from  which  Is 

exactly  characterized  by  low  values  of  the  dissociation  constants.  Accordingly,  on  inaeaslng  the  pH  the  concen¬ 
tration  of  the  coordinated  anions  of  the  reagent  Increases,  and  consequently  the  resistance  to  the  destructive  action 
of  fluoride  ions  on  the  color  Inaeases.  On  the  other  hand,  on  lowering  the  pH  the  destructive  effect  of  fluoride  on 
the  color  Increases,  and  in  certain  cases  can  give  rise  to  conditions  such  that  the  effective  stability  of  the  fluoride 
complex  will  be  higher  than  the  effealve  uability  of  the  colored  complex(e.g.,  Ln  the  system  alumlnum-arsenazo- 
fluorlde  at  pH  3.5-4.5X 


Under  these  conditions  the  fluoride  is  complexed  with  the  metal  Into  a  complex  In  equivalent  amounts;  con¬ 
sequently,  similar  conditioiu  can  be  used  for  the  tittlmctrlc  detennlnatloa  of  fluorine.  The  regularities  Indicated 
are  confirmed  experimentally  by  the  results  of  the  present  worV. 


The  results  In  Table  1  show  that  determination  of  fluoride  on  the  bash  of  the  extinction  of  the  color  of  the 
arsenazo  complex  with  aluminum  Is  more  sensitive  than  when  other  ions  are  used  to  form  complexes  with  arsenazoi 
the  color  of  the  aluminum  complex,  however,  depends  to  a  greater  extent  on  pH.  The  relatively  high  sensitivity  of 
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TABLE  1.  Cooditiooi  for  the  latcraaioo  of  Fluorine  with  Arienazo  Complexei 


Concentra¬ 
tions:  ele* 
ment  C|  and 
reagent  C|>f 

pH 

- 1 

Fluoride  con¬ 
centration  range 

examined.  M 

1 

Measure* 

ment 

wave 

length 

D.  mM 

Fluoride 
ooncea- 
trationDi 
decreasing 
to  1  value 

Sensitivity 
ofdcterml- 
nationfl.O* 
emeuvette) 
mgr  tiu  ' 

Working  rate  of 
fluoride  concen¬ 
tration  (25  ml) 

Aluminum 

r  — —  - 

2-50  itg 

Cj-5.3.10-» 

c^e.sio-* 

3,0 

0— 1.910-< 

.580 

5.4-10-* 

0,000008 

3,0 

0-2.9- lO-a 

!  .'.80 

8,3-10-* 

0,00003 

2-50  Mg 

7.5 

2,9-10-*— 2 -10-* 

1,2-10-* 

0,12 

Spectra  not 
very  clear 

Ct=410-» 

C,=8.10*» 

4.5 

0-8.3-l(r* 

573 

.3,4-l(r* 

0,000026 

2-40  Mg 

Ct=i:8!0-* 

4,5 

0-l,7-10-« 

37.* 

7,0.10* 

0,000037 

2-70  Mg 

C,=8.l0-» 

Thorium 

1.4 

0-1,2-10-* 

U»» 

1.3- 10-* 

0,00007 

S-IOOmx 

C,=  4-  10-* 

2,(«3 

0-l,210-« 

fiOO 

2.3- 10-* 

0,(X»>14 

0,01— 0,2mg  • 

C,»C10-* 

2.03 

0-1,2-10-* 

2.7-10-* 

0,0t»1l4 

0,01— 0,2mg 

2,7 

0—2,1-10* 

tiOo 

8,7-10-* 

0,(A*<i5 

0,01—1  m? 

5.3 

0-3,1-10-* 

too 

1,.3-10-* 

0.(SA»73 

0,02-1. 5mg 

5.8 

0—4,2-10-* 

0*1 

2. .3-10-* 

0,f«>13 

0.a35-2.0m| 

7.0 

2.1-10-* 

mt 

0,7-10* 

0,00.39 

0,15—10  mg 

0.0 
10. 5 

0-2.1-10-* 
Spectra  not  ver] 

tOTl 

r  clear 

1. 1-10-1 

0,«)0 

2,0—50  mg 

Zirconium 
C,»4  10 

1,0 

0-1-2. 1-10-* 

020 

7-l‘*» 

0,00032 

8-30  Mg 

C,-3.41 

3,0 

U.1-10-* 

3,3. 1(»-* 

0.f*>2l 

0.000—0,5  mg 

5,0 

0_8.10-* 

l.2ti 

O-liV* 

o,t.ijrj 

O.Ctj  — 0,5  mg 

0-1 -U^* 

•>2'» 

1-10  » 

0,03 

Spectra  not 
very  clear 

Uranyl 
r,=.f.410  » 

1 

0.015-0,45  mg 
0.14—5  mg 

3.0 

U— O.G-IO-* 

l»Jl» 

2.3io-« 

0.O*C4S 

C,=  6.SlCr* 

5.0 

0— 0.C10-* 

1-10-* 

•  •.r»»37 

7. .5 

rv— .3.4.10  1 

t2*i 

2.3- 1'**' 

'M9 

0.5-l(»l  mg 

0.0  1 
10.5 

0—5,7-  10*s 
Spectra  not  ver 

020 

y  clear 

l.l 

0,72 

14,5— SCO  mg 

TABLE  2.  Stability  of  the  Complex  Compcondt  of  Artenazo 
and  Fluoride 


Instability  constarts 

Ratio  of  In- 

Element 

of  tlie  complexes 

stability  con- 

wra  Pt'  ‘*5 

arsenazo  1  fluofldc 

slants  :  Kp 

Aluminum 

1.5-10-’* 

4.S.M-* 

310-* 

Beryllium 

CaUium 

2,2-lU-* 

1.4-1»)-* 

1,57-10* 

1.7-10-«* 

— . 

— 

Iron 

3,910->* 

1,9  IO-* 

2-10* 

Indium 

i.oio-'* 

.  ^ 

Rare  ear^ 

1.0-10- *• 

l-lir* 

I-IO* 

Thorium 

l.C-10-«* 

1.0- lu  * 

1-10-* 

Tiunlum 

5,8-10  «• 

l-ltr* 

o.o-io-** 

Uranium  (IV) 

6.0-10-»* 

10-* 

0-10  • 

Uranyl  ion 

2.5-10-** 

•0  • 

2,5-10-* 

Zirconium 

l,910-»* 

l.i5l(t-* 

1,6.3-10-* 

fluoride  determlDatioa  with  aluminum  It  related  to  the  lower  tiability  of  the  complex  formed  between  aluminum 
and  anenazo  compared  with  the  stabllitlei  of  the  remaining  complexes.  A  buffer  solution  mutt  be  used  to  ttandat* 
dlze  the  experimental  conditions  and  the  reproducibility  of  the  results.  The  am^nt  of  buffer  solution  added  should 
be  constant  In  all  series  of  experiments,  since  the  acetate  ion  which  enters  into  its  composition  also  forms  a  fairly 
stable  complex  with  aluminum  cations  and  uranyl  iootu 

Table  2  contains  some  properties  of  the  complex  compounds  of  arsenazo  and  fluoride,  which  make  it  possible 
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to  cvaloate  the  poulbility  of  uilng  colored  compound!  of  arienazo  for  detennlnlng  fluoride.  The  K  {nnab  values 
of  the  complexes  of  anenazo  were  determined  ipectropbotometrically  by  comparison  with  the  stability  of  the  color¬ 
less  complexes  of  the  metals  (fluorides,  oxalates,etc.)  studied.  Details  of  the  experimental  method  used  are  given 
in  [9).  The  bigbeit  sensitivity,  using  the  same  conditions  for  carrying  out  the  reaction,  will  be  observed  in  those 
cates  trhere  the  difference  in  the  value  of  the  instability  constants  (4  the  arsenazo  complexes  on  the  one  hand,  and 
the  fluoride  complexes  on  the  other.will  be  least,  e.g.,  in  the  case  of  aluminum  dr  beryllium. 

Determination  of  fluoride  with  thorium  and  the  uranyl  ion  will  be  somewhat  leu  sensitive,  and  even  leu  sen* 
tltlve  with  zirconium  and  titanium.  Reactions  with  titanium  and  zirconium  are  intuitable  alto,  since  the  absorptioo 
specua  of  solutions  of  their  compounds  with  arsenazo  are  close  to  the  spectra  of  the  reagent  and  the  molar  extinction 
coefficient  of  solutions  of  the  romplexes  are  comparatively  low.  while  the  composition  of  the  complexes  changes 
with  pH.  In  addition,  the  reactions  of  zirconium  and  quadrivalent  titanium  are  unbalanced}  the  loiu  tiydrolyze,as 
a  result  of  which  nonieproducible  results  are  obtained.  This  last  fact  sboud  be  borne  in  mind  in  other  methods  where 
colored  titanium  and  zirconium  complexes  are  used. 

SUMMARY 

Colored  complexes  of  the  reagent  arsenazo  have  been  used  for  the  determination  of  fluoride  loot.  The  moU 
suitable  compounds  for  this  purpose  arc  those  of  aluminum,  the  uranyl  ion.  beryllium,  thorium,  and  the  rare  earths. 

Conditions  are  given  for  the  determination  of  fluoride  Ions  over  a  wide  concertratioo  range  (horn  hundredths 
of  a  microgram  to  tenths  of  a  milligram  per  ml)  on  the  basis  of  the  deaease  in  color  intensity. 
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Numerous  investigations  in  the  field  of  solutions  canted  out  by  the  Russian  school  of  chemists  under  D.  L 
Mendeleev  [1*3]  have  exposed  the  exuemely  important  faa  of  the  influence  of  the  individual  character  of  a  solvent 
CO  the  state  of  the  dissolved  material  in  solution. 

It  has  been  found  that  the  same  material.  e.g.,urea  [4].  can  behave  in  various  ways  depending  on  the  nature 
of  the  solvent.  It  is  possible  to  titrate  in  nonaqueous  solvents  weak  and  very  weak  acids  and  bases  which  cannot 
be  titrated  in  aqueous  media  because  of  high  pKjj^se  values. 

Anhydrous  acetic  acid  is  the  medium  that  is  most  frequently  used  for  titrating  bases  [S-8].  It  is  possible  to 
titrate  such  bases  as  amines,  alkaloids,  and  antibiotics. etc., in  acetic  acid  with  reasonable  accuracy  [9],  At  a  titra¬ 
tion  medium,  however,  acetic  acid  has  several  disadvantages  [10]. 

All  strongly  prctegcnlc  solvents  have  a  leveling  effert  on  base  strength,  so  that  it  is  impossible  to  determine 
bases  separately  in  their  mixtures.  Recently,  in  some  instances,  formic  acid  [11],  a  mixture  of  acetic  and  formic 
acids  [1C],  acetic  acid  and  its  anhydride  [13],  butyric  acid  [14],  propionic  acid  [15],  and  other  acids  have  started  to 
find  application  for  titrating  weak  bases  Instead  of  acetic  acid. 

Theoretical  considerations  relating  to  the  use  of  protogenic  solvents  of  the  acetic  acid  type  as  titration  media 
have  been  considered  by  Izmailov  [16], 

Fritz  [IT]  has  used  acetonitrile  as  a  medium  for  titration  mixtures  of  bases.  Since  solutions  of  perchloric  acid 
in  a'-etonitnle  are  unstable,  titration  was  carried  out  with  a  solution  of  perchloric  acid  in  dioxane.  The  author  suc¬ 
ceeded  in  carry  ing  out  separate  determination  of  di-n-butylamine  and  pyridine,  aniline  and  o-chloroaniline. 
S-phenylethylamine  and  aniline,  pyridine  and  caffeine,  aniline  and  sulfothiazole.  It  is  also  possible  to  tiuate  mix- 
turcsof  Schiff  bases  and  the  original  amine  in  an  acetonitrile  medium  [18]. 

Dalit  has  carried  out  separate  titrations  of  diethylamine  and  pyridine  in  their  mixtures  in  a  propylene  glycol- 
chloroform  medium.  Nevertheless,  on  titrating  a  mixture  of  diethylamine  and  aniline  in  the  same  solvent  only  one 
potential  jump  corresponding  to  the  total  of  both  bases  was  obtained.  It  has  been  found  possible  to  carry  out  poten- 
nomctric  titration  of  the  following  two-component  mixtures  in  an  ethylene  glycol-phenol  medium  (1:1);  triethyl- 
amine  and  aniline,  triethylamir.c  and  pyridine,  and  ammonia  and  an  aqueous  solution  of  pyridine  [10]. 

Pifer,  Wollish,  and  Schmall  [19]  have  titrated  mixtures  of  potassium  and  ammonium  acetates  with  o-b»ityI- 
amine  or  pyridine  in  an  acetic  acid-chloroform  (.:10)  medium. 

Bruss  and  Wyld  [20]  have  titrated  acid  mixtures  and  also  piperidine  and  pyridine  in  a  methyl  isobutyl  ketone 
medium. 

We  have  teued  protogenic  solvents  (acetic,  formic,  and  propionic  acids),  amphoteric  solvents,  and  a  series 
of  Inert  solvents  at  media  for  titrating  mixtures  of  organic  bases.  The  use  of  solvents  which  do  not  exert  a  levelling 
effect  on  bases  makes  it  possible  to  carry  out  separate  titration  of  bases  in  their  mixtures. 

Ketones  proved  to  be  the  best  differentiating  solvents.  These  solvents  possess  both  weakly  acid  and  weakly 
basic  properties  simultaneously.  Of  the  ketones  tested,  including  acetone,  methy!  ethyl  ketone,  methyl  butyl  ketone, 
acetophenone,  and  others,  methyl  ethyl  ketone  proved  to  be  the  best.  In  this  medium  it  is  possible  to  carry  out 
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separate  titration  of  multlcompooeot  mixtures  of  strong,  weak,  and  very  weak  acids  (21^ 

On  the  bails  of  the  research  work  Indicated  above,  we  have  developed  a  new  method  for  the  determination  of 
weak  and  very  weak  bases  In  their  mixtures  by  titration  In  a  m^hyl  ethyl  ketone  medium,  using  perchloric  acid 
dissolved  in  the  same  solvent  as  tltrant.  The  method  suggested  has  many  advantages  over  titration  of  bases  in  an 
anhydrous  acetic  acid  medium. 

Taking  neuuallzatlon  of  pyridine  at  an  example,  die  neutralization  of  a  bate  can  be  expressed  In  the  form  of 
the  following  equatlonti 

OH 

ch/xx:ii/:h,  cii,-<1-ch/:h, 

OH  o- 

hcio4+ch,coch/:h,  -  ai/uxH/:H,fCK]!f 

o- 

H*  I 

cn/:ocH,CH,+cHj~c-a’/:H,  -  2CH/:och/:h, 

C*H»NH^+C10*  r.  C*H»NK*C10" 


According  to  Izmailov  [5],  the  change  in  titration  conditions  which  occurs  In  nonaqueous  solvent  medium  U 
explained  by  the  change  In  the  iatIoK5/K0,  where  Ks  It  the  Icr.Ic  p>foduct  of  the  solvent,  and  Kg  it  the  dissociation 
constant  of  the  base.  A  dciiease  in  this  ratio  leads  to  ?  clement  In  titration  conditions.  Th-^s  for  formic  acl<^ 
which  has  stxoc^'v  acid  properties.  Kg  =•  5*  10-*^,  wh^Ic  f.r  a  base  such  as  urea.  Kg  =  5.6*  10**.  while  In  water 


Kg  for  urea  is  1.5*  10 
Kc  5-10-’ 


•u 

-I 


In  an  aqueous  medium  the  ratio 


K;  I-IO 


-14 


«  1,  while  In  a  forrric  acid  medium 


5.6- 10‘ 


•'g  1.5*  10' 

10"*.  Accordingly,  in  a  formic  aild  mr  f;.  jO  J  as  In  a  medium  of  other  acid  solvents  [22), 


weak  bases  become  stronger  and  can  be  titrated  with  reason.lle  ar>~ura.ry. 


In  an  acetone  medium,  which  possesres  weaVly  acl d  prepirt'.ci,  the  r'r'o  Kj>/Kg  deercarrs  Insignificantly,  but 
the  ratio  Is  still  sufficient  for  weak  bases  such  as  aniline  and  its  derivatives  to  be  rwtrated  in  a  medium  of  actonc 
and  other  ketones. 


EXPERIMENTAL 

We  have  tiuaied  aliphatic  and  aromatic  primary,  secondary,  and  terstary  omlries j(e.g,  n-W)t)lamlre.  trlcthyla- 
mlcne,  triethanolamine,  aniline,  dimethylanlline,  diethylanlline.  toluldlncs.  etc  ).  hetrrsxrycl^c  bsiii  (pyrlJi'yc. 
piperidine,  pyrazoles,  triazolcs.  Imidazoles  etc.)in  methyl  ethyl  ketone.  Methyl  fhyl  keiore  was  carefuHy  dehydrated 
by  standing  for  a  long  time  over  anhydrous  potassium  carbonate.  Before  use  it  was  Ji<»illed  and  the  fraotlon  K-*lllng 
between  79-80*  collected.  Solutions  of  perchloric  acid  In  acetic  acid,  dioxane,  acetone,  and  methyl  ethyl  ketone 
were  tested  as  Quanta. 

A  0.1  N  solution  of  perchloric  acid  in  methyl  ethyl  ketone  Is  recommended  for  the  separate  determination  of 
the  components  of  mixtures  of  bases.  Such  a  standard  solution  is  prepared  by  dissolving  8-9  ml  of  perchloric  acid 
in  1000  ml  of  dried  methyl  ethyl  ketone;  the  solution  Is  saturated  with  dry  nitrogen  for  6  min.  The  solution  is 
standardized  either  against  potassium  hydrogen  phthalate  or  sodium  carbonate  [9).  The  titer  of  a  solution  of  per¬ 
chloric  acid  in  methyl  ethyl  ketone  remains  constant  for  a  month. 

The  use  of  a  dioxane  solution  of  perchloric  acid  did  not  give  such  good  results  as  the  use  of  a  perchloric  acid 
solution  prepared  in  methyl  ethyl  ketone. 

Experimental  Procedure.  The  setup  consists  of  a  10-ml  buret  graduated  in  0.02  ml.anLP-S  potentiometer,  a 
magnetic  stirrer,  a  nitrogen  drying  system,  and  a  tiuation  beaker  in  which  glass  and  calomel  electrodes  arc  Immersed. 
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An  accuruely  weighed  umpte  of  ten  material  (0.03*0.06  g)  In  uamfened  to  die  tltratioo  beaker  and  dinolved  bi20 
ml  of  methyl  ethyl  ketone. 

Ten  ml  of  the  0.1  H  solution  of  perchloric  acid  in  methyl  ethyl  ketone  it  squeezed  into  the  buret  by  meant 
of  a  rubber  bulb.  In  orda  to  purify  and  dry  the  air  squeezed  into  the  buret,  a  system  of  columns  packed  with  soda 
lime  and  fiued  calcium  chloride  is  inserted  between  the  buret  and  the  rubber  bulb. 


Tttf 


Fig.  1.  Poteatiomctlc  titiatloa  curves 
for  individual  bases  in  a  methyl  ethyl 
ketone  medium,  the  titiant  being  a 
solution  of  pachlofic  acid  in  the  same 
solvent.  1)  Tetraethyl  ammonium 
hydroxide;  2)  piperidine;  3)  triethyla- 
mlne;  4)  o-phenasthroUnc;  5)  benzi¬ 
midazole;  6)  tyramine;  7)  acridine; 

8)  3.5-dlmethylpyTazole. 

Titration  is  canied  out  potcntlometrically, using 
a  glass  elearode  and  a  modified  calomel  electrode  In 
a  stream  of  dry  nitrogen,  which  is  passed  Into  the  titra< 
tion  beaker  to  prevent  absorption  of  carbon  dioxide  am 


mtr 


Fig.  2.  Potentlomctrlc  tiuatlon  curves 
of  two -component  mixtures  la  methyl 
ethyl  ketone.  1)  Triethylamlne  ♦  o-phe- 
naihrollne;  2)  triethylamlne  ♦  benzimi¬ 
dazole;  3)  piperidine  4  beozimldazolei 

4)  pipetldlnc  ♦  3,5-diraethylpyrarole; 

5)  potassium  hydroxide  ♦  o-phenanihrollne| 

6)  tyramine  ♦  aaldlne;  7) tyramine  ♦  o- 
phcnanthrollnc;  8)  tyramine  ♦  3.5-dlme- 
thylpyrizole;  9)  tetraethylammonium 
hydroxide  -f  tyramine. 

moisture  from  the  air. 


The  titrant  is  added  In  0.1-ml  portion,  until  the  equivalent  potential  is  established,  after  which  it  is  added 
in  0.05^1  portions.  Tiuation  is  continued  until  a  constant  potential  it  established. 


The  test  bases  possess  different  strengths  in  a  methyl  ethyl  ketone  medium  (Fig.  1>.  The  suongest  base  proved 
to  be  tetraethylammonium  hydroxide,  whose  potential  Jump  during  titration  was  700  mv  (Curve  1).  Piperidine  and 
triethylamine  (Curves  2  and  3  respeaively)  are  weaker  bases,  their  strengths  being  approximately  equal.  o-Phenaa- 
throllne  proved  to  be  even  weaker  (Curve  4).  Benzimidazole  (Curve  5)  and  tyramine  (Curve  C)  have  approximately 
equal  strengths  in  methyl  ethyl  ketone.  The  weakest  bases  are  acridine  (Curve  7)  and  3.5-dimethylpyiazole  (Curve  8X 

Comparison  of  the  tiuation  curvet  of  individual  bases  with  tiuation  curvet  of  their  mixtures  showed  that  two 
bases  can  be  tluated  separately  in  their  mixtures  if  the  difference  between  the  beginning  of  their  potential  jumps 
during  tiuation  of  the  Individual  bases  is  about  100  mv.  Thus,  the  difference  between  the  beginning  of  the  jumps 
during  tiuation  of  uiethylamine  (Fig.  1,  Curve  3)  ando*phenanihroline(Fig.  4.  Curve  4)  amounts  to  100  mv. 


The  result  of  tiuating  a  mixture  of  ulethylamine  and  o-phenanthrollne  Is  shown  In  Fig.  2.  The  curve  has 
two  distinct  potential  jumps,  the  first  conespondlng  to  completion  of  the  neuualizatlon  of  ulethylamine  and  the 
second  to  ncuualization  of  o-phenanthroline. 

Curve  2  (Fig.  2).whicb  b  the  tiuation  curve  for  a  mixture  of  ulethylamine  and  benximtdazole.also  hu  two 
potential  jumps.  The  diffetence  between  the  beginning  of  the  potential  jumps  of  these  bases  (Fig.  1)  U  300  mv. 
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During  titration  of  a  mixture  of  piperidine  and  benzimidazole  (Curve  3) 
a  curve  with  two  potential  jumps  it  obtained,  the  jumps  corresponding 
to  completion  of  separate  neuualization  of  piperidine  and  benzimidazole. 
The  remaining  curvet  in  Fig.  2  are  alto  curvet  for  titration  of  two<ompo* 
nent  mixturett  Curve  4  for  a  mixture  of  piperidine  and  3L5-dimethy1pyra- 
zole.  Curve  5  for  potassium  hydroxide  and  o*phenanthroline.  Curved  fct 
tyramine  and  aaidine.  Curve  7  for  tyramine  and  o-pheoanthroline.  and 
Curve  8  for  tyramine  a:;d  3^S*dimethylpyrazole.  Two  potential  jumps 
are  clearly  observed  on  all  the  curves,  the  jumps  corresponding  to  com¬ 
pletion  of  the  separate  neutralization  of  the  components  of  the  mixture. 

Fig.  3  shows  the  titration  curve  obtained  on  titrating  a  three-compo¬ 
nent  mixture  of  bases.  Curve  1  was  obtained  on  titrating  a  mixture  of 
potassium  hydroxide,  benzimidazole,  and  p-aminoazobenzene.  The  three 
distina  potential  jumps  show  that  eadi  component  of  the  mixture  was 
liuated  separately. 


Hg.  3.  Potentiometrlc  tiuation  curves 
for  three-component  mixtures  Li  methyl 
ethyl  ketone.  1)  Potassium  hydroxide 
•f  benzimidazole  -f  p-amlnoazobenzene{ 
2)  tetraethylammonium  hydroxide 
♦  tyramine  ♦  acridine*  3)  teuaethylam- 
monlura  hydroxide  ♦  tyramine  ♦  3,5-dl- 
mctbylpyrazole. 


A  curve  with  three  potential  jumps  was  obtained  on  titrating  a 
mixture  of  tetraethylammonium  hydroxide,  tyramine,  and  acridine 
(Curve  2)u  The  first  jump  corresponds  to  complete  neutralization  of 
tetraethylammonium  hydroxide  at  the  suongest  base,  the  second  to  neutral* 
ization  of  tyramine,  and  the  third  to  neutralization  of  acridine.  Curve  3 
was  obtained  on  titrating  a  mixture  of  tetraethylammonium  hydroxide, 
tyramine.  arid  ?.S>dimethyIpyrazole.  The  three  components  are  again 


titrated  separately  even  in  tliis  case.  The  First  potential  Jump  corresponds 
to  complete  neutralization  of  tetraethylammcnlum  hydroxide,  the  second  to  tyramine.  and  the  third  to  ^S-dimethyl- 
pyrazole. 


Table  1  contains  the  results  obtained  during  quantitative  determination  of  some  organic  bases  by  titx.'.tion  In 
a  methyl  ethyl  ketone  medium  with  a  methyl  ethyl  ketone  solution  of  perchloric  acid.  Individual  bases  can  be 
dctciniiae  by  this  method  to  an  accuracy  of  1*91 


TABLE  1.  Determination  of  Lndividual  Bases  by  Tiuation 
in  a  Methyl  Dhyl  Ketone  Medium 


Teat  material 

Sample 

Found.  1 

Error.  ' 

g 

8  i 

rcL  ^ 

3,5-DlmcthylpyTazole 

o-PhcrunthroIlo- 

o.osno 

o.iir>r.2 

o.ofavj 

(i.av*? 

i  1.0 

4  0,9 

Tyramine  base 

Tc  u  a  c  thy  lamm  on  him 
hydroxide 

o.arjs 

0,0 

O.iwtii 

O.fWiH 

-fO.4 

Acridine 

O.ODit) 

(i.tsl'a* 

-0.9 

The  suitability  of  the  suggested  method  for  quantitative  analysis  of  two- and  three-component  mixtures  of 
bases  is  demonsuated  in  Table  2.  The  components  of  the  mixtures  can  be  d-termined  to  an  accuracy  of  1  to  3\ 

SUMMARY 

A  new  potentiometrlc  method  has  been  developed  for  the  separate  determination  of  bases  in  their  mixtures; 
it  is  based  on  tiuation  in  a  methyl  ethyl  ketone  mediun\  using  a  solution  of  perchloric  acid  in  the  same  solvent  aa 
tiuant.  Methyl  ethyl  ketone  has  the  advantage  over  acetic  acid  as  a  solvent  for  test  materials  and  as  a  tiuating 
medium  that  it  Is  possible  to  carry  out  separate  tiuation  of  multicomponent  mixtures  of  bases  in  It. 
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TABU  2.  An«ljrsisofT«ro>  aod  Three 'Compoom  Mixtures  of  Beset 


U 

2. 

3. 

4. 

5. 

6. 
7. 


8. 

9. 

10. 
11, 


1^ 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 
22. 


Canpooencs 


Tyrimlne  ^ 

Acridine 

Tyremlne 

3.5 - Dime  thy  Ipyrezole 

Tyremlne 

o-Phenandvoline 

TetrsethyUmmoniura  hydroxide 
Tyremlne 

TetreeihylammorJum  hydroxide 

Tyremlne 

Acridine 

Te  tree  thy  lemmoiUum  hydroxide 
Tyremlne 

3.5 - D  Jmethylpyrezole 


Sample 

Found, 

Eizor, 

wt«,  B 

S 

reL 

0.0471 

0,0783 

0.0463 

0.0798 

-1.7 

+1.8 

0.0428 

0,0026 

0.0426 

0.0674 

-0.4 

+2.0 

0.0334 

0.0473 

0,0328 

0,0448 

+1.8 

+3.0 

0.0484 

0,0356 

0,0485 

0,0364 

0,0484 

0.(r/H2 

0,UO42 

0,0487 

0,0256 

0,0625 

+0.8 

-2,1 

-2.8 

0.04H4 

O.ltJSO 

0,(U75 

pop 

-M>.2 

+1.9 

+0.5 
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Warburg's  manometric  methoo  flt^]  permits  determination  of  the  amount  of  gat  formed  or  used  op  In  a  system 
at  constant  temperature  and  volume,  on  the  basis  of  changes  in  gat  pressure.  This  method  ensoret  a  high  expcrlmemal 
accuracy  In  gat  microanalysit  at  compared  with  the  volumeuic  method  (measurement  of  changes  in  volume  at  cocstaot 
prersure),  since  small  changes  in  the  volume  of  a  gas  in  a  system  can  be  observed  rTx;re  readily  by  meant  of  a  mano* 
mculc  method  than  by  direct  change  in  volume.  Thus  Schvabe  [3]  has  pointed  out  that  the  use  of  Warburg's  technlqoc 
permits  changes  in  volume  of  a  gas  to  be  measured  'yith  an  accuracy  of  a  0.003  cm*. 

There  are  published  references  to  thre  use  of  a  manometric  method  of  mitioanalytlcal  hydrogen  at  ioe.  Kabo  and 
Moller  (4]  have  developed  a  diffcreotial>manomeuic  method  of  mlaohydrogenatioa.  based  on  rr/ear:rcmems  of  the 
difference  in  two  vessels  in  which  the  test  and  a  standard  are  hydrogenated  under  Identical  cor  iitiecs.  This  met.bc4. 
which  ensures  and  acctuacy  of  measurement  of  s  O.S>  during  a  40  hour  hydrogenation  using  a  S-rrg  ali(;;uoc  of  tea 
material,  is  rather  difficult  and  complicated.  Umbreit  et  al.  ([1],  p.  141)  have  developed  a  simple  manometric 
method  using  standard  Warburg  apparatus  for  the  analytical  hydrogenation  of  p)rldoxaI.  the  accuracy  beLng 

The  present  article  is  devoted  to  the  development  of  a  simple  manometric  method  foe  rElacanii)ilcal  hydro¬ 
genation  using  a  Warburg  apparatus.  We  have  succeeded  in  designing  special  hydrogenation  cells  and  have  developed 
a  technique  for  catalytic  hctc'ogcncous  I  ydrogenation.  %.hich  makes  It  possible  to  carryout  micrc^nalyticil  deter¬ 
minations  and  to  study  the  kinetics  of  the  proccu  indicated. 

EXPERIMENTAL  PART  AND  DISCUSSION  OF  RESULTS 

a)  Preparation  of  Purification  of  Hydrogen.  The  hydrogen  used  foe  hydrogenation  was  prepared  electrolytical- 
ly  In  an  electrolyzer  with  Bruns's  nickel  electrodes  (5).  The  elcarolyte  was  a  solution  of  200.0  g  KOH  and  50.C  g 
Ba(Ol0i  In  600  ml  of  water.  The  hydrogen  formed  after  a  preliminary  drying  over  CaCi]  was  freed  from  uaces  of 
oxygen  In  a  tube  packed  with  palladlnizcd  arbestos  heated  at  300-350',  and  from  traces  of  KjS  in  a  wash  bottle  con¬ 
taining  CO^NaOH  solution  saturated  with  PbO.  The  gas  was  next  freed  from  splashes  of  alkali  solution  in  a  splash 
head  and  In  a  tube  filled  with  glass  wool,  and  finally  in  a  CaC1|  tube. 

b)  Modification  of  Warburg  Apparatus  for  Hydrogenation.  We  used  Warburg  appararus  produced  by  the  •Labor* 
firm  (iiungary)  for  studying  cell  respiration.  This  apparatus  consists  of  a  water  thermostat  with  a  turbine  stirrer  as« 

a  mercury -toluene  thcrrp^>fcgulator  which  ensures  that  the  temperature  in  the  bath  can  be  kept  to  an  acauacy  of 
a  0.05*  over  the  range  20-80*.  Oscillating  panels  with  a  maximum  number  of  oscillations  of  260  per  min  are  fitted 
to  the  side  walls  of  the  thermostat.  The  amplitude  and  oscillating  rate  are  readily  regula.ed.  Warburg  marsometen, 
connected  via  ground  Joints  to  vessels  which  are  immersed  In  the  water  thermostat,  are  fitted  by  means  of  special 
clips  to  the  panels. 

In  the  course  of  our  work  we  became  convinced,  despite  Umbreit*t  (fl].  p  directions  regarding  the  bsc 
of  a  standard  system  of  Watbuig  tesplrometers  for  mlaoanalytical  hydrogenation,  that  they  suffer  from  the  following 
disadvantages  which  hinder  their  user  1)  because  of  the  low  depth  of  the  retort,  the  material  being  hydrogenated  is 
thrown  out  prematurely  into  the  working  space  of  the  veuel  during  saturation  of  the  catalya  with  hydrogen;  2)  daring 
oscillation  (shaking),  the  catalya  collects  on  the  bottom  of  the  vessel  and  is  thereby  withdrawn  from  the  reactloo; 

3)  grease  from  the  ground  joint  falls  into  the  hydiogenzation  vessel;  4)  it  is  very  difficult  to  replace  the  air  com¬ 
pletely  by  hydrogen  even  when  the  hydrogen  is  passed  for  a  long  time  through  the  manometer  into  the  Warburg 
vessel;  5)  It  it  impossible  to  conuol  the  extent  to  which  the  catalya  it  Mturaicd  with  hydrogen  during  an  experiment. 

Taking  all  these  drawbacks  Into  account,  we  have  modified  the  standard  Warburg  apparattss  and  adapted  U  for 
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hydrogeoatlon  (Fig.  1).  The  working  space  of  the  vessel  we  nsed  U  • 
horizontal  semicylinder  with  a  flat  bottom  1,  the  axis  of  the  cylinder 
lying  along  the  direaion  of  oscillation.  To  the  cylinder  U  oonneaed 
a  venicai  tube  2  ending  in  an  external  ground  joint  3  which  prevents 
any  grease  getting  into  the  vessel.  A  tube  4  is  fused  into  the  vertical 
part  of  the  vessel  at  an  angle  of  60*|  to  this  tube  is  connected  a  deep 
retort  5  which  also  has  a  ground  Joint  and  can  be  rotated.  The  ground 
joint  of  the  retort  is  provided  with  a  channel  6  which  prevents  any 
grease  from  passing  inside  the  hydrogenation  vess^ 

The  joints  are  lubricated  with  vacuum  greaK  obtained  by  melting 
vaseline,  paraffin,  and  natural  rubber  in  the  proportions  5 1 2tS.  The 
design  of  the  manometer  was  also  modified  to  some  extent  (Fig.  2)l 
To  the  rubber  tube  2  was  connected  a  two-way  tap  3.  connected  by  a 
rubber  hose  with  the  glau  reservoir  5.  This  constiuctioa  made  it  pos* 
sible  to  evacuate  the  manom^ric  liquid  (mercury)  from  the  manoroetet, 
and  after  covering  the  tap  3  to  suck  out  the  gu  from  the  system  by 
means  of  a  water  pump,  and  then  fill  the  system  with  hydrogen  through 
the  three-way  tap  6.  Five  succeuive  evacuations  and  fillings  of  the 
system  with  hydrogen  made  it  possible  to  remove  the  air  completely 
from  the  system  and  to  ensure  a  hydrogen  atmospheve.  Tap  3  was  then 
closed,  the  reservoir  plus  t(d)ber  tube  disconnected,  and  the  apparatus 
placed  in  its  original  position.  This  was  done  by  turning  the  saew  clip 
while  the  manometer  was  fitted  onto  the  Warburg  vessel,  and  with  the  three-way  tap  open  the  level  of  the  mano- 
metric  liquid  in  both  arms  of  the  manometer  was  adjusted  to  the  null  point  (a  mark  at  250  mm).  The  three-way 
tap  was  then  closed,  an  experiment  carried  out.  and  the  pressure  change  in  the  system  measured  from  the  change  in 
the  level  of  the  marxjmcnic  liquid  in  the  left  arm  after  the  synem  had  been  adjuiied  to  constant  volume-setting 
the  level  cf  the  mancmttrlc  liquid  at  the  null  point  in  the  right  arm.  The  manometer  readings  were  correaed  by 
a  so-called  thetmobarorr.c:cr-tl;e  u'ual  r^pe  of  manometer  with  a  Warburg  vessel  filled  v^iih  the  solvent  used  in 
fh.e  reaction,  ar.i  operating  under  the  same  conditions  as  those  In  the  working  manometer.  The  latter  makes  it 
pos'iblc  to  take  Lnto  account  the  cticci  of  temperature  charges  In  the  bath  and  the  sunoundlng  aU,  and  also  of 
atxTiospherlc  pressure,  on  the  change  in  gas  pres  .ue  in  the  system  during  an  experiment. 

c)  ^feasurement  of  the  Vol.rre  cf  tVe  Hydre renation  Vestel,  The  volume  of  the  hydrogenation  vessel  and 
of  that  part  of  the  manometer  up  to  the  r.jll  was  determined  by  a  method  dtsulbcJ  by  Unnbrclt  (flj,  p.S5)} 
this  coaslsts  la  weighing  »he  mercury  required  to  fill  the  space  indicated. 

d)  Calculation  of  the  Amount  of  Hydrogen  Abserbed,  The  hydrogen  used  is  calculated  by  means  of  the 
formula  given  in  [1],  p.  13t 


Fig.  1,  Hydrogenation  vessel.  1)  Horl- 
zcotal  section;  2)  vertical  tube;  3)  ground 
joint;  4)  side  tube  with  gro«ind  joint; 

5)  rcxar'ng  retort;  6)  channeL 


r(v~v,)^-+ 

L  P,  J""" 


Kh, 


(D 


where  V  Is  the  volume  of  the  hydrogenation  vessel  and  the  working  part  of  the  manometer,  ml;  V|  Is  the  volume  of 
liquid  la  the  vessel,  ml;  a  Is  the  solubility  of  hydrogen  la  the  liquid,  mg/ ml  at  normal  pressure;  T  Is  the  experi¬ 
mental  temperature  In  degrees  absolute  (273  -f  t*);  ?•  is  normal  pressure  (mm  of  the  manomeuic  liquid);  h  is  the 
deaeasc  la  pressure  In  the  system  during  an  experiment  (mm  of  manometric  liquid);^ Is  the  amount  of  hydrogen 
used,  ml;  K  Is  the  vessel  constant.  Since  P|  a— ,  where  760  is  normal  pressure  in  mm'  Hg,  13.60  Is  the 

sp.  gr.  of  mercut’y.  and  d  Is  the  specific  gravity  of  the  manomeulc  liquid,  on  the  basis  of  equation  I  It  Is  possible 
to  writes 


273  1 


760- 13.60 


(11) 
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aod,  where  roercary  b  the  mADometrlc  liquid 


K 


(UI) 


since  all  the  values  which  enter  into  formula  n  are  constant  for  a  given  experiment,  determination  of  the  gas  used 
reduces  to  multiplying  the  value  of  the  vessel  coostant  K  by  the  change  in  the  level  of  the  roaoometric  liquid 


Fig.  2.  Kiodif.ed  manometer.  1)  U-shaped  manometer 
tube;  C)  mbber  tube;  3)  three-way  tap;  4)  rubber 
hose;  5)  glut  rerervolr;  6)  thrcc-way  tap;  7)  outlet  tube 
with  ground  x>hnt  for  connealng  to  hydrogenation  flask. 

It  also  follows  from  formula  11  that  tne  >alue  of  K  s.haracterizes  the  sensitivity  of  the  hydrogenation  apparatus. 
In  order  to  inaease  the  sensitivity  of  the  apparatus  the  vessel  constant  K  should  be  lowered.  Of  particular  Importance 
it  the  decrease  in  specific  gravity  of  the  manomeuic  liquid,  since  a  change  of^from  13.C0  (mercury)  to  0.80 
(96*  ethanol)  inaeaset  the  sensitivity  of  the  method  17  times  without  any  need  for  altering  the  construction  and 
geometrical  parameters  of  the  hydrogenatioo  cell. 

e)  Hydrogenation  of  Maleic  Acid  oser  Palladium  Oxide.  The  efficiency  of  the  apparatus  developed  was 
checked  by  hydrogenating  maleic  acid  which  bad  been  recrystallized  three  times  from  twice-distilled  water.  Pal¬ 
ladium  oxide  was  prepared  by  Adams's  method  [6^  A  suspension  of  0.7-1. 6  mg  of  PdO  ini  ml  of  twice-distilled 
water  was  placed  in  the  operating  pan  of  the  hydrogenation  vessel  (sec  Fig.  1):  a  solution  of  11.8-12.6  mg  of  maleic 
acid  in  1.2  ml  of  twice-distillcd  water  was  inuoduced  into  the  side  retort.  The  system  was  filled  with  hydrogen  and 
the  catalyst  saturated  with  hydrogen  by  shaking  the  flask  100-120  times  per  minute.  After  hydrogen  had  ceased 
to  be  absorbed  by  the  palladium  oxide,  the  level  of  the  mercury  in  both  arms  of  the  manometer  was  adjusted  to  the 
null  point,  after  which  the  retort  contalrung  the  maleic  acid  solution  was  turned  over  and  hydrogenatioo  of  the 
maleic  acid  canied  out  at  the  maximum  shaking  rate  of  240-260  oscillations  per  minute,  the  path  of  the  reaction 
being  followed  by  observing  the  decrease  of  hydrogen  pressure  in  the  system.  Completion  of  hydrogenation  it  as¬ 
sessed  from  ceuation  of  hydrogen  absorption.  The  experiments  were  carried  out  at  40s0.0S*. 


V.ml 


min 


Fig.  3.  Hydrogeoatioa  of  maleic  acid  over 
POO.  1)  Satuxatloa  of  catalyst  with  hydrogen  | 
2)  hydrogenation  of  maleic  acid. 


Vjnl 


Fig.  5.  H)urogcnatloo  of  maleic 
acid  over  a  PJ>Ca  catalyst. 


Fig.  4.  Hydrogenation  vessel  with 
fixed  catalyst. 


Results  of  one  of  these  experiments  axe  shown  in  Fig.  3e 
this  cuive  shows  the  Itinetic  curvet  of  the  saturation  of  catalyst 
with  hydrogen,  and  hydrogenation  of  maleic  acid.  Measure'' 
meats  showed  that  an  increase  in  the  amount  of  PdO  favors  an 
increase  in  reaction  rate.  Thus  by  altering  the  prcponion  by 


weight  of  PdO  and  maleic  arid  from  0.05  to  0.13  it  it  possible  to  cut  down  the  hydrogenation  tim'^  from  165  to  60  min. 


Good  reproducibility  of  results  was  observed  in  the  experiments  desaibed;  they  did  not  differ  from  each  other 
by  more  than  O.d'T^.  while  the  deviation  from  the  theoretical  value  of  the  hydrogenation  equivalent  was  0.4-0,8^wheo 
2.21'2.26  ml  of  hydrogen  was  used  up  in  a  vessel  with  a  volume  of  25.34  mi. 

0  Study  of  the  Kinetics  of  Hydrogenation  of  Maleic  Acid  over  a  Copper-Palladium  Catalyst.  As  is  evident  frorn 
Fig.  3.the  kinetic  curve  of  the  hydrogenation  of  maleic  acid  over  PdO  Is  of  the  first  order.  This  regularity  could  be 
both  a  reflection  of  the  true  character  of  the  catalytic  process,  and  a  result  of  diffusion  complications  developing  on 
the  catalyst  surface.  Support  for  the  latter  hypothesis  comes  from  publi^ed  references  [7>9]  to  the  fact  that  hydrogen* 
ation  of  maleic  acid  over  palladium  contacts  u  of  zero  order.  In  order  to  check  on  the  possibility  of  using  the  tug* 
gested  method  for  studying  the  kinetics  of  hydrogenation,  we  tried  to  eliminate  diffusion  complications.  For  thU 
purpose  wc  Increased  the  shaking  rate  from  270  to  400  oscillations  per  min  (requisite  modifications  were  made  to  th« 
Warburg  apparatus).  This  increase  in  shaking  rate,  however,  led  to  the  catalyst  being  thrown  in*o  the  vertical  part  of  the 
hydrogenation  vessel,  and  to  its  withdrawal  from  the  sphere  of  reaction;  accordingly,  we  decided  to  fix  the  catalyst  la 
the  working  part  of  the  vessel.  The  catalyst  was  used  in  the  form  of  black  placed  on  a  platinum  disc  or  grid  with  aa 
area  of  1.7  cm*  fused  into  the  horizontal  part  of  the  hydrogenation  flask  (Fig.  4).  Instead  of  PdO  we  use  a  palladiura* 
copper  alloy  containing  30  atomic  ^  of  Cu  recommended  by  Tverdovskii  and  Kaprova  [9].  This  catalyst  possesses  a 
high  activity  in  the  hydrogenation  of  ethylene  and  acetylene  bonds  and  Is  less  likely  to  be  poisoned  than  pure  Pd.  Tb« 
Pd'Cu  alloy  was  prepared  by  elecuolytic  deposition  from  a  bath  con5iulng  of  a  mixture  of  the  following  lolutlonti 
0  0.200  g  PdCl,  •  2H,0  and  0.250  g  NaNO|  in  10  ml  htO;  II)  0.14  g  CuSOk  •  51^0  and  0.360  g  (NH|)|S04  in  10  ml 
1^0;  III)  0.14  N  H}S04  In  a  ratio  by  volume  of  1  *  11  MU  ■  5.9  >  4.1  i  30.  The  deposition  time  was  varied  from  3  to 
10  min  at  a  cunent  density  of  70  ma/cm*.  The  precipitate  of  coppet-palladlutn  black  was  washed  with  water  and 
subjected  to  cathodic  purification  for  removing  adsorbed  ions  at  current  of  70  ma/cm*  in  the  course  of  30  mia  la 
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0.1  N  HCl  or  0.05  N  1^SQ|.  Maleic  acid  wai  hydrogenated  at  20  and  40*  (a 0.05*)  by  the  tedinlqoe  deaalbed  above. 
The  kinetic  curve  of  absorption  of  hydrogen  by  the  Pd>Ca  catalyx  li  ilmilar  to  the  curve  diown  in  Rg.  3  for  PdO, 
When  the  Pd>Cu  catalytt  U  used,  the  amount  of  hydrogen  required  for  uturatlng  the  catalyx  ia  almox  five  tlmea  thn 
amount  required  for  hydrogenating  the  maleic  acid.  This  latter  fact  Indicates  the  need  for  careful  cotxrol  of  the 
saturation  of  catalyx  with  hydrogen  during  mlaoanalytlcal  hydrogenation.  At  In  the  cate  of  PdO.  It  was  observed 
that  the  larger  amount  of  hydrogen  used  for  saturating  the  catalyx.  l.e..  the  greater  the  anxKint  of  catalyx  taken  for 
an  experiment,  the  more  rapid  It  the  hydrogenation  process.  Kinetic  curvet  for  the  hydrogenation  of  maleic  add 
are  shown  in  Fig.  6.  Results  with  good  reproducibility  were  again  obtained  In  these  experlmenu  (a  0.1^.  with  a 
deviation  from  the  theoretical  value  of  the  hydrogenation  equivalent  of  ‘e0.4^wheo  2.04-2.14  ml  of  hydrogen  was 
used  in  a  vessel  with  a  volume  of  27.7  mlX 


As  It  evident  from  Fig.  5.  the  kinetic  curves  for  hydrogenation  of  maleic  acid  over  a  Pd-Cn  catalyx  have  a 
shape  characteristic  of  a  zero  order  reaalon  (a  reaction  which  Is  independent  of  the  velocity  conxant  and  concentra¬ 
tion).  The  vclocuy  constants  of  the  reaction  was  calculated  by  means  of  the  formulas  K  ■  Ax  /  At  and  were  found 
to  be  K|  ■  0.014  ml /min  and  K|  ■  0.039  ml/ min  at  20  and  40*  tespeaivdy. 


The  results  obtained  enables  one  to  calculate  the  activation  energy  ■ 


4.575  Ain  K 
AT"‘ 


9250  cal/  mole,  which 


lies  within  the  limits  1000  to  10  000  cal/  mole  obtained  by  Kobozev  [10]  for  hydrogen  at  loo  of  ethylene  derivatives. 
This  indicates  that  It  it  possible  to  use  the  microaaaly^lcal  apparatus  we  have  developed  for  xudying  the  kinetics 
of  the  hydrogenation  process. 


SUMMARY 

An  Improved  apparatus  for  microanalytlcal  hydrogenation  (hydogenatlon  vessels  and  manometers)  permits 
'  quantitative  hydrogenation  of  materials  with  a  hydrogenation  equivalent  of  about  100  with  a  accuracy  of  s  0.5^ 
using  a  10-mg  sarpple.  and  using  mercury  at  the  maoometrlc  liquid. 

Taking  maleic  acid  at  an  exarr.ple.lt  hat  been  shown  that  It  It  possible  to  apply  the  improved  apparatus  to 
study  of  the  kinetics  of  the  catalytic  hydrogenation  of  maleic  acid. 
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It  has  been  assumed  that  during  rapid  methods  of  analysis  by  combustion  in  a  gas  stream  [1]  the  material  la 
first  of  all  subjected  to  pyrolytic  decomposition  in  the  quartz  test  tube  inserted  in  the  combustion  tube,  b  has  been 
considered  [2]  that  there  may  occur  in  the  decomposition  zone  firstly  taning  and  coking  cf  the  material  with  lots  of 
hydrogen  and  formation  of  a  difficultly  volatile  resin,  and  secondly,  splitting  with  formation  of  active  fragments.* 

In  order  to  confirm  experimentally  that  such  processes  do  in  fact  occur,  we  carried  out  interrupted  combustion  of 
test  materials  (i.e.. discontinuous  combustion)  The  first  time  that  the  decomposition  process  was  interrupted  was 
when  visible  changes  in  the  material  were  detected;  at  this  stage  cither  qualitative  tests  were  carried  out  foe  aldehydes 
and  unsaturated  compounds  in  the  residue,  or  the  residue  and  the  apparatus  used  for  absorbing  carbon  dioiide  and 
water  were  weighed.  From  one  to  three  interruptions  were  made  during  each  experiment. 

At  one  might  have  expected,  during  combustion  of  hydrobaxbons  we  were  able  to  detect  qualitatively  formation 
of  aldehydes  and  unsaturates  at  the  very  beginning  of  combustion;  this  confirmed  our  assumption  of  the  development 
or  active  fragments  during  decomposition. 

Determination  of  water  and  carbon  dioxide  at  various  stages  of  the  process  enabled  us  to  assess  the  changes  to 
the  proportion  between  carbon  and  hy  drogen  both  in  the  residue  and  in  the  decomposition  products.  We  expeaed 
to  find  that  these  proportions  would  differ  sharply  from  tlie  proportions  for  the  original  compound.  Nevertheleu. 
experiments  with  hydrocarbons,  acids,  alcohols,  and  ethers  showed  that  this  it  not  so.  Artually,  in  almost  all  cases, 
the  proponlons  of  carbon  and  hydrogen  in  the  original  material  and  in  the  products  of  Incomplete  decomposition 
and  In  the  residue  were  very  close  to  each  other.  The  only  exceptions  were  compounds  which  split  off  water  at 
comparatively  low  temperatures,  e.g.,  sugar,  crystallohydrates,  etc.  A  curious  feature  was  the  fact  that  even  when 
the  residue  in  the  quartz  test  tube  appealed  to  be  completely  reslnified,  the  proportion  of  hydrogen  and  carbon 
remained  almost  the  same.  Accordingly,  reslnlficatlon  which  Is  observable  visually  only  proceeds  to  a  small  ex¬ 
tent,  although  it  leads  to  coloration  of  the  residue. 

All  these  facts  lead  one  to  think  that  combustion  appears  to  proceed  in  layer  fashion,  in  which  each  portion 
of  material  passes  into  the  gaseous  state  on  heating,  then  burns  up  completely,  breaking  down  beforehand  to  form 
active  fragments.  This  may  occur  both  with  participation  of  oxygen  (formation  of  aldehydes  during  combustion  of 
hydrocarbons)  and  without  participation  of  oxygen  (formation  of  unsaturatet).  It  should  be  pointed  out  that  sliuilar 
results  were  obtained  on  varying  the  size  of  the  quartz  test  tube  used  for  combustion,  even  in  the  case  when  the  size 
of  the  tes:  tube  enabled  the  decomposition  of  the  whole  mass  of  sample  to  occtu'  at  once. 

Thus  the  suggestion  which  we  made  previously  that  deconipositlon  In  the  test  tube  (preliminary  pyrolysis)  U 
accompanied  by  tcsiniflcation  of  test  material  and  splitting  off  of  hydrogen  was  not  confirmed.  Formation  of  active 
fragments  was  confirmed  experimentally.  Accordingly,  combustion  In  a  test  tube  does  not  resolve  Into  pyxolysU  and 
oxidation  stages,  but  proceeds,  as  usual.  In  accordance  with  the  theory  of  combustion. 


*  By  active  fragments  we  mean  thermal  decomposition  products  which  arc  mote  reactive  than  the  original 
test  material,  e.g., aldehydes,  unsaturated  free  radicals,  hydrogen,  etc. 
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EXPERIMENTAL 

Combustion  was  canled  out  la  the  usual  apparatus  [1^  The  test  material  was  decomposed  In  a  quartz  te« 
tube  60-70  mm  long  and  with  an  Internal  diameter  of  6-7  mm  by  gradually  moving  the  burner  from  the  open  end 
of  the  ten  tube  to  Us  closed  end.  Le.,  counter  to  the  oxygen  sueam  (20-40  ml/ min).  Combustion  producu  were 
trapped  and  weig)ied  as  uiuaL 
TABLE  1 


Test  Material 

begree  of  pyrolysis 

Color 

Presence  of 
aldehydes 

Paraffin 

Not  subjected  to  decompoiitloz 

None 

None 

9 

To  a  light-yellow  color 

Dense  violet 

Preseal 

m 

To  a  dark-yellow  color 

Violet 

• 

m 

Combustion  almost  to  completion 

None 

None 

CtsH« 

Not  subjected  to  decomposition 

• 

• 

• 

To  a  light-yellow  color 

Violet 

Present 

Ditto 

• 

• 

Naphthalene 

• 

None 

None 

Benzene 

• 

• 

• 

TABLE  2 


Solution  to  which  a  solution  of 
SbClj  in  chloroform  was  added 

Cciof  with 
SbCl, 

f^csence  of 
unsaturatet 

Chloroform 

N'ooe 

Absent 

Paraffin  dissolved  in  chloroform 

• 

• 

Cinammic  aldehyde  in  chloro- 

form 

Paraffin  taken  to  a  weak-yellow 

Brown 

f^csent 

color  and  dissolved  in  chloro- 

form  • 

Ditto 

• 

Paraffin  taken  to  a  yellow  co¬ 
lor  and  dissolved  In  chloro- 

form*  1 

• 

9 

’  i^fore  addition  of  the  antimony  trichloride  solution, 
the  ten  samples  only  had  a  weak  yellow  color  which 
did  not  change  over  a  period  of  6  hours. 


The  combustion  was  Interrupted  at  various 
stages  of  decomposition.  At  the  Intcnuptlon  the 
burner  was  removed  and  the  combustion  products  ■ 
expelled  into  the  apparatus  for  absorbing  water 
and  carbon  dioxide.  After  the  Interruption  the 
resld’jc  of  Incompletely  decomposed  material  In 
the  ten  tube  was  tested  for  the  presence  of  unsa- 
tutates  and  aldehydes  In  It,  c:  the  abscrptlcn  ap- 
pararus  was  weighed;  this  was  subseq'jcntly  reccQ- 
ncctcd  to  the  ccrrhustloo  lube,  and  combustion 
continued  to  completion  or  to  the  next  Interrup- 
tloru 

Qralitatlve  Tesn  fee  Aldehydes,  The  re¬ 
sidual  material  In  th:?  ten  tube  used  for  decom¬ 
position  was  dls^cUec,  In  chloroform  and  the  solu¬ 
tion  transferred  to  a  tot  tube.  A  freshly  prepared 


solution  of  fuchsln  sulfurous  add. which  acquires 
a  violet  color  In  the  presence  of  .aldchydcs,was 
added  to  the  chloroform  ’olutlon.  From  the  results  given  In  Table  1  it  Is  clear  that  decomposition  of  aliphatic 
hydrocarbons  Is  accompanied  by  formation  of  aldehydes. 


Ojalitatlve  Tests  for  Unsarurates.  The  residual  material  In  the  test  lube  used  for  decomposition  was  dissolved 
In  chloroform  and  the  solution  transferred  to  an  ordinary  test  tube.  To  this  solution  was  added  a  30'^  solution  of 
antimony  trichloride  In  chloroform;  in  the  presence  of  unsaturated  compounds  this  solution  turns  brown.  As  the  resulu 
In  Table  2  show,  decomposition  of  paraffin  Is  accompanied  by  formation  cf  unsaturatet. 


Determination  of  Carbon  and  Hydrogen  at  Various  Stages  of  the  Ciecomposltlon.  On  the  basis  of  the  results 
obtained  on  weighing  the  absorption  apparatus  after  each  intenuption.  the  content  of  carbon  and  hydrogen  In  the 
burned -out  pan  of  the  aliquot  wascalculated  In  relative  percentages.  Tables  3  and  4  contain  some  results  of  several 
combustions  of  various  lampleiof  each  material.  During  combustion  of  one  sample.2- 3 Interruptions  were  made, 
at  far  as  poulble  at  different  stages  of  decomposition.  The  tablet  indicate  all  the  experiments  canled  out  with  z 
given  test  material,  'he  results  being  arranged  In  order  of  Inaeaslng  amount  of  the  burned -out  panoftheumpleof 
test  material.  The  ratio  of  the  percentage  content  of  hydrogen  to  carbon  Indicates  that  the  decomposition  process 
occurs  In  layer  fashion.  Actually,  It  Is  only  for  mateiials  which  readily  split  off  water  that  this  ratio  Is  greater  than 
unity  (Table  4);  in  all  remaining  cases  It  Is  almost  equal  to  unity. 


Amount  of  roatcrial  burnt  as  *?»  of  the  allciuoc  taken  (N) 


Amount  of  material  burnt  as  ‘T*  of  die  aliquot  taken  (N) 

,CHjOH 


CmjOm  Cn-C«0N-CM0w*C«0HCHO-C-CM0ri*CN0«CHD»j0W 
I — — g - i  i - g.  -J 

Sucrose  ^ 

Curves  for  typical  cases  of  burning  of  compounds  during  combus* 
tloo  with  pyrolysis  in  the  test  tube  used  fo:  decomposition,  a) 
Test  material  which  it  not  dehydrated  on  heating}  b)  material 
which  is  readily  dehydrated  on  heating. 


o 


TABU  3 


Test 

tub- 

stance 

Amount,  ^»J 

H/C 

Esr. 

stance 

Amount,  ^  | 

Q9 

Amount.1b 

H/C 

c  1 

H  1 

?  .1 

"  1 

Dl 

H 

1 

1,73 

1,88 

1 

1,08 

'  V 

0.65 

1,87 

2,81 

IX 

18,12 

19.48 

l.OT 

site 

5,78 

1.12 

3,63 

4,80 

1,32 

30,70 

29,99 

0,96 

eiis 

6,26 

1,01 

10,88 

14,83 

1,36 

73,03 

75,94 

1,04 

26,71 

27,74 

1,04 

19,70 

23,00 

1.17 

99.18 

99,53 

1,00 

40,75 

41,91 

1,02 

30,23 

31,69 

1.05 

100 

100 

1.00 

43,51 

44,36 

1.02 

46,72 

49.87 

1.07 

56,37 

57,58 

1,02 

66,26 

67,35 

1,01 

73,8! 

74,74 

1,01 

78,36 

89,34 

1.14 

77,16 

78,92 

1,02 

94,85 

97,48 

1.02 

92,65 

93,24 

1,01 

100 

100 

1,00 

100 

100 

1.00 

11 

0,76 

1,30 

1.71 

VI 

52,33 

56.54 

1.08 

X 

76.13 

76,28 

1,00 

17.00 

18,04 

1,01 

61,15 

64,72 

1,06 

89,96 

89,77 

0,99 

28,49 

30,42 

1,07 

69.86 

74,91 

1,07 

91,86 

91,24 

0,99 

43,60 

46,34 

1,06 

100 

100 

1,00 

100 

100 

1,00 

79,97 

80,07 

1,00 

R8,23 

89.11 

1,01 

100 

100 

1,00 

111 

0,00 

1,66 

1.64 

VII 

36.10 

39,86 

:,io 

XI 

9.75 

11,68 

1,20 

19,15 

18,88 

0.93 

45.84 

49,80 

1.08 

20.59 

21.39 

1,04 

25,49 

24,66 

0,96 

54, 

57.6>3 

1,07 

47,92 

49.77 

1,03 

36,10 

36.83 

1,02 

79,73 

83,56 

1,04 

56,21 

56.33 

1,00 

44, ai 

41.11 

1,00 

100 

100 

1,00 

82.40 

82.62 

1,00 

59.93 

60,00 

1,00 

too 

100 

1,00 

83,81 

90.94 

1,02 

100 

100 

1,00 

23.81' 

.  3<9.93 

1,07 

VIII 

2,78 

5,77 

2.08 

XII 

13,83 

23.70 

1.71 

37,47 

40.  (j7 

1,04 

31.  fA 

31.96 

1,00 

31,8*9 

37,83 

1.19 

43.24 

44,02 

1,02 

62,04 

60.50 

0,97 

53.6>1 

58,33 

1,09 

59,12 

57,63 

0.90 

99.61 

97,54 

0.9S 

74,60 

78.60 

1.04 

71,91 

72.61 

1,00 

lOO 

100 

l.W 

91,05 

93.0-4 

1.02 

95,24 

W.60 

1,00 

100 

100 

1.00 

100 

100 

1,00 

CmH, 


C».H,0 


OH 

i-ch,<vi,c<ch,v:h/::,Hu:  n-c,H,C(CHj/:/  :  ni-cn,c,H.c<cu,i/:H,cooH; 

I 

C,»it 


C„H«0, 


.C,H, 


IV-CH,C,H/:<CM,>,CHAH.«  V-<V<«C00H; 

CtoH.^  <^0;  CmH.O,  CmHm 


VII-C,H,CH  -CHCHO; 
C,H,0 


VIIl-C:,H,COOM; 


X-iCH, '.CHCHO 
C.H.O 


OH 

XI-C,H,C(CH.).C^^^^j 

c;m, 

C.»HhO 


XJ1-CHAH/)HCH0M 

C.H,CoiHt 

C.*H«Oi 


since  In  the  course  of  a  study  of  the  decomposition  of  mocc  than  24  different  materials  only  the  two  types  of 
decomposition  Indicated  were  observed,  it  can  be  fairly  safely  assumed  that  combuttlon  in  the  quartz  tett  tube  pro* 
ceeds  layer  by  layer  ind  not  through  the  whole  mau  of  the  sample  of  compound  being  burned. 
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TABU  4 


IV 


-I 


.^'VOOH 


/ 

cj<,o. 


COOH 


^OH 

V-HOCCCHJC^ - CHgCOOK  H/>. 


COOH 


C,H,^ 


VI-HOOCCH-aiCOOH 

C.H/), 


SUMMARY 

A  fcas  b<cn  tmie  of  the  dcgradatic-a  of  organic  ccTrpc  xndj  In  a  Kieam  of  oxygen;  the  teit  compounds 

vere  Lnsened  la  cuinr.  test  tubes  la  which  the  degradation  was  carried  out.  these  test  tubes  being  Inserted  In  an  enrpty 
combc::Ioa  tube,  h  has  been  shown  that  degradation  proceeds  la^ct  by  layer  and  not  throughout  the  whole  mass  of 
the  compeundL 
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A  MICROMETHOD  FOR  THE  DETERMINATION  OF  SULFUR  IN  ORGANIC 
MATERIALS  USING  A  NEW  INDICATOR.CARBOXYARSENAZO.FOR  TITRATION 
OF  SO4*  IONS 
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Among  the  methods  for  determining  sulfur  in  organic  compounds  the  ones  which  have  found  widest  appllcatioo 
are  catalytic  destructive  hydrogenation  [1],  pyrolytic  combustion  in  an  oxygen  stream  [2],  and  also  a  number  ol 
methods  wliich  include  decomposition  of  organic  material  by  Sch  "niget’s  nmhod  {3-7J.  When  such  methods  ere  used, 
determination  of  the  sulfate  ion  formed  is  usually  canied  out  by  tiuation  with  a  solution  of  a  barium  salt  in  the  nre- 
sence  of  indicators  [3-5}.  i 

A  large  number  of  organic  reagents  of  different  classes  have  been  suggested  as  indicators  for  barium  (3-5  , 

8-12).  Ncvcrthlcrs,  applicaticn  of  the  widely  used  indicators  for  barium  such  as  sodium  alizarin  sulfonate  (4). 
thoron  (5).  phthalcln  compiexon  (3,8).  sodium  rho<!i2onatc  (10.11),  stilbinaj  hthazo  (12].ctc,,to  titration  of  sulfate 
ions  is  not  characterized  by  high  scruitlvlty  and  by  clc-rlv  defined  col  •'»  changes.  Ln  this  connection,  a  new  organic 
reagent  is  suggested  in  the  prerent  article  for  the  tltrlmetric  determinarion  of  sulfu:  after  combustion  of  test  material 
by  tiie  Schonlgcr  method;  this  reagent*  is  carboxyarsenazo,  2-phcnyica;  boxy  lie  acid-(l-azo-2)'l,8-dihyJroxynaphtha- 
lcnc-3,6-disulfonic  acid-(7-azo-l)-2-phcnylarson'.c  acid 


C(X)H  Oil  Oil  Il/),.\s 


At  pH  5.5-6.S  carboxyarsenazo  gives  a  sensitive  and  contrasting  reaction  with  barium  ions.  The  color  change 
is  from  raspberry  (reagent)  to  blue.  In  the  work  described  here  the  sulfate  ion  was  determined  by  directtitrationw<*h 
barium  nitrate  in  an  approximately  50^^  cthanolic  mediunv 

Organic  compounds  of  different  classes  containing  from  8  to  35‘5»  sulfur  were  analyzed  by  the  technique  suggest¬ 
ed.  Experimental  results  are  given  in  the  table.  The  results  were  fairly  satisfactory  in  all  casein  The  experimental 
accuracy  it  1 0.25*^  absolute.  The  suggested  method  can  be  recommended  at  a  rapid  and  reliable  method  for  routine 
determination  of  sulfur  In  organic  compounds  of  varying  structures  containing  C,  H.O.  N.  Cl.  and  S. 

Experinicntal  Procedure.  5-10  mg  of  test  Tiaterlal  was  wrapped  up  In  ashless  filter  paper  and  placed  *n  a  plati¬ 
num  basket  attached  tr  the  stopper  of  the  combustion  flask  ;the  paper  was  ignited  and  the  stopper  plus  sample  in¬ 
serted  in  a  flask  containing  10  ml  of  &"/•  HsQi  and  filled  with  oxygen. 

Thirty  to  forty  minutes  after  combustion,  the  solution  in  the  flask  was  evaporated  down  to  1  x'olumc  of  10  ml| 
it  was  cooled  and  25  ml  of  ethanol  and  10  ml  of  an  acetate  buffer  solutwa  with  pH  5.5-5.C  were  added.  The 
solution  was  finally  titrated  with  0.02  N  Ba(NO])  solution  in  the  presence  of  two  drop  of  a  0.3^  aqueous  solution  of  ' 
carboxyarsenazo  until  the  violet  color  changed  to  a  pale  blue. 


*  The  reagent  was  synthesize  J  in  CEOKhL  Acader.'iy  of  Sciences,  USSR,  by  N.  N.  Basargin. 
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Test  material 

S  content,  ^ 

Teat  material 

8  content,^ 

calc,  j 

found 

calc. 

/Sound 

18,52 

19,31 

p  NH,C4H«SQrfl 

18,49 

18.C0 

Cl  l,SO,N(SCCCI,)C,H«CH, 

19,13 

19,35 

18,46 

19.24 

ll»,61 

<',H,CH,SCH,C,H4 

14,95 

15,15 

p4:iC,H«SO,NH, 

16,71 

16.81 

15,13 

16,66 

cisccu 

17,20 

17.11 

(ai,),Nso,a 

22,37 

22,35 

17,09 

18,73 

17,06 

p  NH,(%H«SO,NH, 

18.61 

18,73 

Methylene  blue 

8,59 

8,52 

18.74 

8,38 

C»H,OCSsai,COOH 

35.00 

35,80 

35.49 

The  biriuni  solution  vis  sti^nJudized  agiliur  '1.02  N  I^SO^.  Fhosphates  Interfere  with  the  determination. 
Ptopenlct  of  Caitot;  axsena^o.  The  reagent  has  two  functional  analytical  atomic  groupst 


COOH  HO 


H,0,A$  HO 


V 

N  N 

1 

1  and 

1  I 

N-N 

I 


N-N 

II 


which  occur  separately  In  a  number  of  reagents  suggerted  by  Kuznetsov  [13,14].  In  contrast  to  the  reagent  artenazo 
ni  [15]  which  has  two  type  II  groups  in  Its  molecule,  carboxyarsenazoforms  comparatively  unstable  complexes  with 
an  unllm.ltcd  cumber  of  metal  ions,  and  in  this  connection  is  of  interest  foe  the  complexomeuic  determination  of 
barium  and  other  elements, 

Carboxyarsenazo  is  a  more  suitable  reagent  for  the  titrimictric  determination  of  sulfate  ions  than  the  reagents 
listed  above  with  respect  to  sensitivity  and  definiteness  of  the  color  change  in  the  case  of  barium.  It  should  be 
noted  that  reagents  having  only  one  group  I  or  group  II  do  not  give  contrasting  color  reactions  with  barium  ions,  even 
in  an  alkaline  medium.  With  respect  to  the  stability  of  the  complex  compounds  formed  with  the  elements,  carboxyar- 
senazo  occupies  an  intermediate  position  between  the  reagents  arsenazo  and  arsenazo  IIL 

Carboxyarsenazo  Is  a  crystalline  dark>violet  powder,  stable  in  the  dry  state  and  In  aqueous  solutions.  A  solution 
of  the  reagent  in  a  i  acid  medium  has  a  raspberry  color,  while  its  solution  in  alkali  Is  blue,  and  in  concentrated 
H2SO4  green.  The  color  change  of  the  reagent  in  alkalis,  concentrated  HtS04.  and  during  complex  formation  with 
different  elements  is  in  good  agreement  with  published  resulu  [16], 

Light  absorption  curves  of  the  reagent  and  of  its  compound  with  barium  are  shown  In  Fig.  1.  The  absorption 
curve  of  the  complex  with  barium  has  two  maxima  at  590  and  650  m^  respectively.  The  molar  extinction  oocf* 
flcient  of  the  complex  at  pH  5.5  and  590  mp  Is  29  200. 

The  effect  of  pH  on  the  color  of  the  reagent  itself  and  on  its  complex  with  barium  is  shown  in  Fig.  2.  The 
optimum  conditions  for  titrating  with  carboxyarsenazo  are  pH  5.5- 6.5  in  the  acid  region  and  pH  9-10.5  in  the 
alkaline  region. 

Synthesis  of  Carboxyarsenazg  *  Carboxyarsenazo  was  prepared  by  azo  coupling  of  the  dlazonlum  compound 
of  anthranilic  acid  with  chromouopic  acid  in  a  bicarbonate  medium,  followed  by  a  further  coupling  of  the  isolated 


*  The  reagent  is  produced  by  the  Volkov  Moskhim  Plant. 
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Fig.  1.  Light  absorption  ctirves  of  • 
1.8  •  10"*  M  solution  of  carboxyar- 
tcnazo  (1)  and  of  its  complex  with 
barium  (2)  at  pH  5,5.  SF-4  spectro¬ 
photometer.  cell  10  mm. 


Fig.  2.  Effect  of  pH  on  the  development 
of  ibe  color  of  the  barium- catboxyarseoa- 
zo  complex  (IX  Barium  concentratloo  * 

5.4  *  10'*  M.  Carboxyarsenazo  solution 
1.8  •  10'*  M  (2X  SF-4  spectrophotometer, 
ceil  10  mm.  K  >  650  mp. 

fTX>noazo  product  (2-phenylcarboxyllc  acid-(l-azo-2)- 
1.8-dih]fdroxynaphthalene-3.C-dIsuIfooic  acid]  with  the 
dlazonium  compound  of  o-aminophenylarsonic  acid.  The 
second  nage  of  the  synthesis  was  carried  out  using  the 
technique  of  increasing  the  reactivity  of  the  mater  ial  by 
complex  formation  (15). 


13.02  g  (0.06  M)  o-aminophcnylarsonic  acid  is  dissolved  in  20  ml  of  water  and  15  rnl  of  concentrated  HCI. 
The  solution  it  cooled  and  then  diazotized  by  adding  4.5  g  (0.065  Ni)  NaNO|  in  10  ml  of  water  with  stirring. 


10.24  g  (0.02  M)  of  the  dlsodlum  salt  of  the  monoazo  product  it  dissolved  in  70  ml  of  water,  l.S-1.7g  of  CaO 
being  added.  First  the  diazo  solution  and  then  CaO  (in  portions  of  about  0.2  g.  total  20  g)  are  added  periodically  to 
the  solution  obtained  on  cooling  and  stlning. 

The  rcaaion  mixiure.which  is  dark-blue  in  color, is  stirred  for  40-60  min  and  allowed  to  stand  overnight.  It 
it  then  acidified  with  40  ml  of  concentrated  HCI;  the  precipitate  of  the  calcium  salt  of  carboxyarsenazo  it  filtered 
off  and  washed  with  50  ml  of  6  N  HCI.  The  yield  is  14-15  g. 

In  order  to  purify  the  product  and  to  convert  the  calcium  salt  of  the  reagent  to  its  sodium  salt,  14.5  g  of  the 
product  is  dissolved  in  100  ml  of  water;  4.5-5  g  NajCOj  (anhydrous)  it  added  ,nd  the  solution  heated  and  then 
filtc.Cw  The  reagent  is  salted  out  of  solution  by  means  of  NaCI.  The  precipitate  of  the  trisodium  salt  of  the  re¬ 
agent  Is  filtered  off  and  dissolved  in  250  ml  of  water  on  heating.  After  being  cooled,  the  solution  Is  acidified  with 
HCI  to  pH  about  1,  and  the  disodium  salt  of  carboxyarsenazo  which  separates  out  nitcred  off.  The  yield  of  pure 
product  Is  11-12  g. 


Carboxyarsenazo  can  also  be  obtained  by  a  similar  method  by  a<o  coupling  of  arseoazo  with  the  diazonium 
compound  of  anthranillc  acid. 

SUMMARY 


A  tiirlmetric  micromethod  for  the  determination  of  sulfur  in  organic  compounds  has  been  developed.  Test 
material  is  decomposed  by  the  Schoniger  technique  in  a  flask  filled  with  oxygen,  and  the  sulfate  ions  formed  tiuated 
with  a  barium  niuate  solution  using  a  new  indicator  .carboxyarsenazo.  The  synthesis  and  properties  of  carboxyarsenazo 
are  desaibed.  The  analytical  accuracy  it  *  0.25^  (absoIuteX 

Phosphorus  present  in  the  test  material  imcrferei  with  sulfur  determination. 
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Aliphatic  arr.lno  acids  are  not  reduced  on  a  dropping  mercury  electrode  but  several  indirect  methods  are  known 
for  their  polarographlc  determination  [I'^li 

Caprolactam  and  amino acids-Jntermediite  products  in  synthetic  fiber  productioo-have  not  hitherto  been 
studied  polarographlcally.  The  work  described  here  it  devoted  to  the  development  of  a  method  for  the  polarographlc 
determination  of  these  amino  acids  (AA).  In  this  method  caprolactam  (CL)  was  converted  into  c-arttlnocaproic 
acid  (ACA)  by  bydioly:i:<at  a  concentration  C^|^  ^  9  g  caprolaaam  in  1  liter  of  about  1  N  HtSO||>  caprolactam  Is 
completely  hydrolyzed  after  boiling  for  one  hour  under  reHuaX 

Among  other  amino  acids  which  are  important  for  synthetic  fiber  production  we  studied  7-amlno  enanthic 
acid  (AEA).  3-aminopclargonlc  acid  (APA).  and  11-amlnoundecanolc  acid  (AUA)u 


EXPERIMENTAL* 


The  basis  of  the  polarographlc  method  which  ’*e  have  developed  for  the  determination  of  amino  acids  Is  the 
reaction  between  amino  acids  and  formaldehyde  (F)  in  alkaline  media  [4]: 

^coulllb.  , 

Nli.RCOO  -fCUjO  lTai,RCXX>*+!I,0. 

The  compound  CH2NRCOG*  — a  so-called  SchlfPs  Base  (SB  )  formed  as  t^^e  result  of  the  reaaloa  is  polaro¬ 
graphlcally  active;  It  gives  one  clearly  defined  polarographic  wave  at  all  values  of  the  pH  of  the  supporting  electro¬ 
lyte;  the  wave  appears  at  potentials  which  are  more  positive  than  that  of  the  formaldehyde  wave.  This  is  a  very 
Imiportant  factor,  since  a  large  excess  of  formaldehyde  Is  used  for  canying  out  the  reaction. 

It  should  be  pointed  out  that  Zuman  [5]  was  the  first  to  establish  the  possibility  of  carrying  out  a  polarographic 
detection  of  a  SchifPs  Base,  taking  as  examples  the  reaction  between  other  amino  acids  and  other  aldehydes  and 
ketones. 

Reaction  (l).whlch  proceeds  rapidly  In  an  alkaline  medium,  has  already  been  used  several  times  for  the  alkali- 
metric  dt:-rmInatlon  of  amino  acid?  [4).  The  polarographlc  method,  however,  for  which,  at  will  be  shown  below, 
neither  the  extent  or  completeness  of  reaction  (1)  toward  the  right  hand  side,  nor  the  basicity  of  the  SchlfPs  Base 
formed  are  of  any  significance,  it  superior  to  the  alkallmetric  method.  In  addition,  the  polarographic  method  can 
be  applied  to  amino  acid  concentration  which  are  appreciably  lower  than  those  that  can  be  handled  by  the  alkali- 
metric  method. 


Polarographlc  studies  were  carried  out  on  an  EP-312  electronic  polarograph.  The  cell.which  was  fitted  with 
an  external  reference  electrode  (saturated  calomel  elccuode).was  thermostatted  at  25*  0.3*.  Oxygen  was  purged 
with  nitrogen.  The  capillary  ^aracterlstics  taken  In  0.1  N  HtS04  at  a  potemial  of -0.9  v  were  s  for  capillary 
Na  1  ■  1.06  mg*^^  t"*^,  and  for  capillary  No.  2  m*’  t*^  «  3.16  mg”  t"  , 

The  purity  of  the  amino  acids  used,  according  to  the  results  of  microanalyslt,weres  c  -ACA,  99^  AEA,  95.2^4 
APA,  94.9^  We  were  unable  to  establish  the  purity  of  AUA, 

The  formaldehyde  used  was  technical  grade  material  with  an  initial  concenuation  of  32li>CH|0;  its  concentra¬ 
tion  was  established  iodomctrically  [6], 

*  sj  P.  Grishaeva  took  part  in  the  experimental  work. 
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Buffet  lolutloos  were  prepared  from  Na|HPP|  and  citric  add. 

A  clearly  defined  wave  (Fig.  1)  conetpondlng  to  a  Scfalffi  Base  could  be  observed  within  a  few  minutes  of 
adding  formaldehyde  to  an  alkaline  solution  (NaOH)o(  the  amino  acids.  The  wave  hel^t  does  not  change  with 
time.  This  Indicates  that  reaction  1  reaches  an  equilibrium  state  rapidly,  in  agreement  with  the  tesolu  of  alkall- 
meolc  studies  [4).  As  pointed  out  already,  the  wave  Is  located  at  potentials  which  are  more  positive  than  that  of 
formaldehyde.  Thus,  for  c>ACA.  E|^  ■>1.30  v  In 0.1  N  NaOH.  while  under  the  ume  conditions  for  formalde¬ 
hyde  U-1.59  vca 

Thus  it  should  be  possible  to  carry  out  a  polarographlc  determination  of  amino  acids  In  alkaline  solution  alter 
addition  of  formsldehyd^  In  an  alkaline  solution  of  0.1  N  NaOH.- however,  the  constant  of  the  limiting  current  is 
very  low.  In  buffer  solutions  at  pH  6-8.  and  In  acid  solutions  at  pH  1-2.  the  wave  is  S-8  times  greater  than  In  0.1  N 
NaOH.  Taking  this  fact  Into  account,  we  canled  out  most  of  our  expMments  in  0.1  N  li|i>04  (the  wave  form  shown 
in  Fig.  1).  In  all  these  experiments  reaaion  (1)  was  canied  out  In  about  0.2N  NaOH.  after  which  the  solution  was 
neutralized  and  0.1  NH2S04orbuffM  solution  added.  Since  It  was  neceuary  to  neutralize  0.2  N  NaOH,  and  In  the 
case  of  caprolactam  also  necessary  to  neuualize  about  1  N  I^S04,  the  solution  being  polarograpbed  also  contained 
0.1-0.25  N  NayS^V 


.v*.V,Va/ 


TABLE  1.  Limiting  Cunent  Constants  (!)^  and 
Half-Wave  Potentials  (E^)  for  the  Schiffs  Bases 
horn  Amino  Acids  (Capillary  No.  1) 


\Acld 

*v 

e-ACA 

AEA 

APA 

AUA 

/  -  — ! 

0.357  1 

O.WO 

0,490  1 

0,707 

*■^1 1 

0.8! 

0.79 

0,75 

0,70 

0  10  T  establldted  that  the  wave  height  inaeases 

with  increasing  formaldehyde  coocenuation.  Accordingly, 

.  .  ,  .  while  ttudylng  the  relationship  between  the  limiting  cur- 

Fig.  1.  Polaxograms  of  the  SchlfPs  Base  ^ 

,  ^  °  _ _  .  ...  tent  and  amino  acsd  concentration,  the  formaldehyde  coo- 

fromt -ACAs  Caa®  mM/lltcrj  iruttvi  »  vj  t.. 

Cf  .  1.65.  1)  OJ  N  NaOlU  2)  O.l  N  1^50,  'Jl'  ,  T  f 

•s  0  25  N  Na,^  *  constant  at  3.8, j;  In  the  alkaline  solution  In  which  reaction 

canled  out  the  formaldehyde  concenuation  was 

Although  an  Inaease  In  formaldehyde  concenuation  inaeases  the  wave  height,  and  thereby  the  sensitivity  of 
the  method.  It  Is  not  desirable  to  increase  the  formaldehyde  concenuation  in  the  solution  being  polarograpbed 
beyond  4-5^,  since  formalin  often  contains  Impurities  which  lead  to  some  Inaease  in  the  current  in  the  region  of 
the  SchlfPi  Base  wave.  Bearing  this  in  mind.  In  cases  where  the  amino  acid  concenuation  Is  very  low  (hundredths 
of  mW liter)  the  p:p>portlng  elecuolyte  should  be  checked  polarographlcally. 

For  eliminating  maxima  which  are  only  observed  at  high  amino  acid  concentrations  (>  5-10  mM/liicr) 

0.02*9>  gelatin  solution  was  added. 

Thae  is  a  linear  relationship  betwe-n  the  limiting  current  and  amino  acid  concenuation  over  a  fairly  wide 
range  (Fig.  2):  for  c  -ACA  from  0.03d  to  35.0  mSl/ liter;  for  AEA  from  0.033  to  26.2  mM/ liter;  for  APA  from 
0.055  to  1C.5  mM/ liter;  and  for  AUA  from  0.049  to  0.49  mM/liter. 

Table  1  contains  the  limiting  cunent  constants  and  the  conespondlng  half-wave  potentials,  whldi  are  almott 
independent  of  the  amino  acid  concenuation.  As  the  results  In  the  table  show,  the  funhet  the  amino  group  from  the 
carboxyl  group  the  greater  Is  the  shift  In  the  half-wave  potential  toward  the  positive  side,  and  the  greata  the  limit¬ 
ing  cunent  constant. 

Using  the  calibration  curves  t|(>  a  large  number  of  determinations  of  amino  acids  In  solution  were  carried 
out  (Table  2).  The  accuracy  Is  not  leu  than  a  3>(reUtlveX 
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TABLE  2.  PoUrographic  DetennloMloo  of  Caprolactam  In  SolttUon 


Taken, 
mM/llter- 
•  loF 

Found. 
mM/Uter  • 
.10^ 

Error,  ^ 

(relative) 

Taken, 

mM/Uter 

Found, 

roMAlter 

Erra,^ 

(relative) 

9.20 

9.98 

-2.4 

0,800 

0,880 

+2.8 

7.25 

7.15 

-1.4 

0,750 

0,755 

+0.6 

10.2 

10.4 

+2.2 

0,016 

0,035 

+1.6 

11.9 

12.2 

+2,2 

0.062 

0,975 

+1.8 

6.72 

6,59 

-2.2 

0,802 

0.915 

+2.6 

8.14 

8,35 

+2.7 

0,883 

0,895 

+1.4 

11.7 

11.4 

—2,6 

0,030 

0.915 

-1.6 

12.9 

12,6 

-2.3 

1,10 

1.12 

+1.3 

8.95 

9.15 

+2.2 

1,01 

1,03 

+2.a 

14,6 

14.5 

—0,7 

1,40 

1,36 

-2,r 

TABLE  X  Tbe  Relationship  Bcrween  theLlmltlogCunem  of  the  SchifTl 
Base  from  c  -  AC A  and  the  Height  (h)  of  the  Mercury  Reservoir,  and 
Formaldehyde  Concentration  (Cp)  in  the  Solution  Being  Polarographed 
(without  gelatin).  C^^^  «  0.885  mM/ liter  (Capillary  No,  2)i 


h.  cm 

Cp,  7» 

r* 

30 

«  1 

so  1 

CO 

0,032 

A  0,568 

0,5f8 

0.575 

0,582 

B  0,104 

0,0613 

0,0752 

0,32 

A  0.764 

0,781 

0.781 

0,800 

B  0.139 

0,122 

0,111 

0.103 

3.2 

A  1,16 

1,20 

1.27 

1,33 

B  0.212 

0.189 

0,179 

0,171 

6.4 

A  1,49 

1,67 

1.74 

1.85 

B  0,272 

0,26-1 

0,246 

0,238 

12,8 

A  1,93 

2.11 

2,25 

2.38 

B  0.352 

0,33-4 

0.318 

0.304 

19,1 

A  2.04 

2.15 

2.32 

2.47 

B  0.372 

0.344 

0.328 

0,319 

25,5 

A  2,14 

2.25 

2.44 

2.51 

B  0,391 

0,356 

0,345 

0,324 

Notes  A  =  !](,  M  a;  B  =  Ij/ /h,  |i  a*cro 


RE§ULTS 

There  Is  no  direct  relationship  between  the  limiting  current  and  the  square  root  of  the  height  of  the  mercury  ‘ 
reservoir:  this  Indicates  that  the  limiting  current  Is  kinetic  in  character.  The  kinetic  character  of  the  limiting 
current  (Tables  3.4)  Is  maintained  on  Increasing  the  formaldehyde  concentration,  and  also  at  varying  pH. 

The  results  obtained  enable  one  to  advance  some  h)'potbesef  regarding  the  mechanism  of  the  development 
of  the  poIarograpIUc  wave  of  a  Schifft  Base. 

At  noted  already.  In  an  alkaline  medium  reaction  (l)finithet  by  rapid  establishment  of  an  equilibrium  with 
an  equll'orium  constant  In  an  acid  medium  of  0.1  N  H}S04.  presumably  because  of  the  conversion 

the  ami lo  group  Into  NHj,  a  Spiffs  Base  Is  not  In  general  formed:  this  also  explains  tbe  absence  of  a  wave  on 
adding  formaldehyde  directly  to  an  add  solution. 

On  the  basis  of  [8]  we  assume  that  only  nonhydrated  formaldehyde  participates  in  the  reaction  with  the  amino 
group.  Taking  Into  account  the  equilibrium 

'fenulllb. 

CH,0+H,0^CH,(6h>„  (2) 
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TABLE  4.  Effect  of  pH  of  the  Buffeted  Supporting  Elecuolyte  (withoud  gelatin)  and 
the  Height  (h)  of  the  Kfetcury  Reservoir  on  the  Folarographlc  Characteristics  of  tht 
Schin*t  Base  from  c-ACA|  "  0*^  mM/llteri  Cp  ■  1.6^ (Capillary  No.  2) 
Dh,  cnu 


h,  cm 

. . »  1 

so 

•• 

pH 

A 

B 

A 

B 

A 

B 

A 

B 

1.0* 

0,93 

0.170 

0.97 

0,153 

0,98 

0,139 

1,00 

0,129 

0,7S 

2i2 

0,87 

0.159 

0.93 

0,147 

0.97 

0,137 

1,00 

0,129 

0,7S 

3.1 

0^49 

0,0898 

0.53 

0,0840 

0.57 

0,0605 

0,58 

0,0750 

0,78 

3,8 

o',  37 

0;0677 

0,40 

0,0633 

0.44 

0,0622 

0,44 

0,0669 

0,80 

5^2 

0^58 

0,106 

0,60 

0,0950 

0,62 

0,0876 

0,64 

0,0626 

0,89 

5  2 

Oi75 

0,137 

0,78 

0,123 

0,82 

0,116 

0,86 

0.111 

0,92 

6’7 

fJ3 

0,206 

1,13 

0.179 

1.17 

0,165 

1.17 

6,151 

0.94 

7,3 

1.46 

0,267 

1.43 

0,226 

1.50 

0,212 

1,51 

0,199 

0,98 

7.8 

8.2 

9.S 

1.65 

M2 

0,302 

0.206 

1.65 

1,16 

0,261 

0,183 

1,72 

1,20 

0,243 

0,170 

1.72 

1,58 

1.25 

0,222 

0,161 

1 ,01 
1.07 
1.09 

13,0*^ 

— 

0,19 

i.atr 

Note:  A  »  ifc.  M*;  B  «  I^/Zh. pa.cin't. 
•0.1  N  H^4. 

••0.1  N  NaOH. 


and  also  that  rhc  total  for.naledehyde  concenuatloo  (Cp)  it  very  much  greater  than  the  total  cooceotratloo  of 
amino  acid  (C;\a)*  cooccntratloo  of  the  Schiffs  Base  (Csg)  he  expressed  by: 


'SB 


*^e<rjlllb.^AA-^P 
'  ♦  '^ecjulllb.'^F 


(3) 


%fhere 


^equlllb,  “  ^^equlllb.  k*  ..  v»l 
equilib. 


(4) 


At  Indicated  already,  the  polarographic  wave  of  the  Schiffs  Base  has  a  kinetic  character.  This  Is  explained 
by  the  fact  that  the  chemical  reaction  ptoceeds  on  the  electrode  surface.  The  nature  of  this  reaction  has  not  yet 
bees  explained. 

Assuming  the  monomolecularlty  of  the  limiting  s  age  of  the  elecUude  process  with  respect  to  the  Schiffs 
Base,  we  obtain  on  the  basis  of  the  theory  of  kinetic  currents  [9.10]t 

la  =  afti^iCsB 


a  =  nFq^  10‘* 


(5) 

(6) 


where  1^  Is  the  limiting  cunent;  3  Is  the  mean  surface  of  the  ^eicury  drop;  n  is  the  number  of  electrons  In  the 
elecuode  reaction;  1>  the  thickness  of  the  reaction  layer;  C^sg  it  the  concenuation  of  the  Schiffs  Base  on  the 
electrode  surface;  k|  is  the  velocity  constant  of  the  limiting  chemical  stage  of  the  electrode  process;  and  l^j  It  the 
diffusion  cunent  coastant  of  the  Schiffs  Base. 


Solving  equation  (4),  (5).  and  (6)  simultaneously,  we  obtain; 

I.  ,  *^equlllb*^*CAA‘Cp 
k  - .  '  • 

r  *^equlllb*^P^ 


(7) 


It  foUofvs  firotn  eqaadoa  (7)  that  at  Cp  ■  const,  and  for  a  givto  beig^  (h)  of  the  mercury  reserrotr,  dtere  dtooid 
be  a  linear  reladoa  betveca  the  limiting  current  and  the  amino  add  concentratiooi  at  we  have  already  teen  this  la 
confirmed  eaperlmentally. 

Thus,  amino  adds  can  be  determined  polarographically  even  when  the  yield  of  a  SchifTi  Base  by  reaction 
(1)  it  oomlderably  less  than  100\  It  is  assumed  of  course  that  the  equilibrium  of  reaaioo  (1)  in  0.1  N  l^SOh  ^ 
not  drifted  during  the  life  of  a  macury  drop  [8],  Moreover,  as  will  be  shown  below,  it  can  be  assumed  that  »het 
rapid  oeutrallastion  and  addiAcatioc  of  the  alkaline  solution,  the  equilibrium  of  reaction  (?)  will  be  'ftozen.* 

Ilj 

Since  — is  independent  of  then  the  equation  Ij^  ■  f  (h.  Cp)  at  '  must  wOl  assume  the  forms 

/.  ^  A^-Cf _ 


where 


Kequillb: 

h. 

B 


yn  op,»| 


W 

(10) 


In  the  case  of  c -amioocaproic  acid,  equation  (S)  is  In  good  aj^eemeut  with  experimental  results  over  a  fairly 
wide  formaldehyde  conceotraiion  range,  and  for  appreciable  changes  In  the  height  of  the  mercury  reservoir  (Table  5). 
The  following  values  were  found  In  this  case:  A  ^  120.  B  s  1.2.  and  =  103.  Calculations  showed  that 

eq*jatlco  (7)  is  in  ccfislderably  better  agreement  with  experimental  data  if  the  formaldehyde  concentration  in  the 
alkaifne  ^tedium  (0.2  N  NaOH)  li  taken  into  account  latber  than  its  concentration  in  the  solutions  being  polarographcd 
(0.1  N  lliSO^X  The  formaldehyde  coocenuailon  given  in  Table  5  correspond  to  those  la  alkaline  soluilocs.  This 


TABLE  5,  Comparison  of  Experimental  and  Calculated  Limiting  Currents  for  the 
ScLiffs  Base  from  e-ACA;  =  0.835  rr.M/liter  (Capillary  fio,  2) 


I  ^  I  ~  ”  I 

77“i  - _ ^ - . - -Jk-Jtl 


m-MAl!  J 

meas¬ 

ured 

calcu- 

la;cd 

meas¬ 

ured 

calcu¬ 

lated 

mcas-  ] 
ured  1 

calcu¬ 

lated 

meas¬ 

ured 

calcu¬ 

lated 

I.TS-IO-* 

O.Si 

0,51 

0,57 

0,.'>5 

0.5S 

0,58 

o.:s 

0.56 

2.42-10** 

0.61 

0,C0 

0.61 

0,6! 

0,61 

0.62 

0,63 

0,63 

0.G3 

0,04 

0.63 

0,65 

0.64 

O.iO 

0,64 

0,68 

3.51-10* 

0,C6 

0,f« 

0.«A 

0,67 

o.r.y 

0.68 

0.68 

0,69 

0.52-10* 

0.73 

0,77 

0.7.5 

0,78 

0.73 

0.79 

0.75 

0,80 

0.1 17 

0.77 

0,79 

0.77 

0,80 

0.77 

0,81 

0,78 

0,82 

0.175 

0.77 

0,80 

0,77 

0.81 

0,77 

0.82 

0.79 

0,M 

0..7in 

0.82 

0,82 

O.M 

0,83 

0,84 

0,84 

0.88 

0,85 

0.102 

0.93 

0.83 

0.97 

0.85 

0,'.«1 

0,80 

1.00 

0,87 

result  lodlcares  that  the  equilibrium  In  reaction  (1)  is  "frozen*  after  neutralization  and  acidification  of  the  alkaline 
solutloo.  A  similar  pfaenomeoon  could  be  predicted  from  [8],  which  shows  that  the  velocity  constants  of  the  forward 
and  reverse  rcactiocu  of  urea  with  formaldehyde  are  sharply  depressed  on  shifting  the  pH  to  the  acid  tegloo. 

h  follvs  hom  creation  (7)  that  at  high  values  of  Cp  (  Cp  >  1  M),  should  not  depend  00  Cp  U  has  been 
diowo  expexlmeataJly,  however,  that  the  growth  of  Ijj  with  Increase  inCp  continues  even  when  Cp  U  conside«ably 
greater  than  1  M  iTable  3).  b  Is  possible  that  this  can  te  zxplalned  by  the  partial  Influence  at  high  formaldehyde 
cooceouatloos  of  the  teactlon  between  amino  acid  and  hydrated  formaldehyde  (which  Is  polymerized  to  some  extent 
at  Cp  >  1  M)l 

it  U  of  interest  to  note  that  the  values  of  A«120  and  ^lOS  ate  In  good  agteement  with  equation  (9). 
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If  one  assimct  it  c  reaction  to  be  a  tvo^tectron  procen.  and  the  dlffuiion  coefficient  of  the  SdilfPs  Bate  from 
c  •aminocaprolc  acid  it  calculated  from  the  mobility  of  the  caproate  anion  (11).  Presumably,  therefore.  reduaioM 
proceed?  across  the  double  bond  with  formation  of  methylaminocaproic  acid.  There  Ir  a  published  reference  (12) 
to  the  redualon  of  the  Schiff  Base  CH|NCH|CXX>H  by  hydrogen  In  an  acid  medlom  to  methylaminoacetlc  acid 
CH,NllClV^OOa 

From  the  value  cf  103  it  Is  possible  to  calculate  equilibrium  constant  for  process  (1), 

In  the  cate  of  the  interaction  of  <  -aminocaprolc  acid  with  formaldehyde  in  0.2  N  Naoa  For  this  purpose  we  cal* 
culated  K^quilih.  *  (process  II)  on  the  basis  of  the  results  given  in  (8)  (0.05  N  UOa  25*).  Substituting  K«quiith. 

«  103  and  Kjquun,  «  1.4  in  equation  (4)  we  found  that  K^qumb  ■  250.  This  value  iodlcatet  that  even  in  a  1  M 
formaldehyde  solution  the  yield  of  a  Schiffs  Bate  It  almost  100*^  The  increase  In  yield  of  a  SchifPt  Bate  from 
glycine  with  i‘<creasing  formaldehyde  concentration  was  noted  in  (13).  Determination  of  the  value  of  the  equilibrium 
constant  of  proceu  (1)  it  of  great  importance  for  the  practical  application  of  the  alkalimeulc  method  of  determining 
amino  acids. 

It  was  pointed  out  above  that  the  limiting  current  constant  (tee  Table  1)  is  greater  the  further  the  amino  group 
it  renxsved  from  the  carboxyl  group  in  the  amino  acid  molecule.  Since  under  these  conditions  in  reaction  (1).  the 
formaldehyde  concentration  was  sufficiently  hlgh  fabout  6%).  and  bearing  in  mind  that  for  c  -ACA.  K^qumb.  *  103. 
the  reason  for  the  growth  of  i|(  must  be  the  increase  in  the  velocity  constant  of  the  limiting  chemical  stage  in  the 
series:  c  -ACA.AEA.APA.  and  AUA.  Since  the  basicity  of  the  nitrogen  in  this  series  inaeases.  one  cannot  exclude  the 
possibility  that  the  limiting  stage  is  the  addition  of  a  proton  on  the  nitrogen  atom. 

The  relation  between  1)^  and  pH  (tee  Table  4X which  could  throw  light  on  the  limiting  chemical  state  of  the 
electrode  reaction,  was  a  very  complex  one.  Over  the  pH  range  1-2.  Ij,  «  const;  subsequently  Ij,  drops  with  increasing 
pH.  At  pH  >  4,  Ijj  starts  to  Increase,  vhllj  ?»  pH  >  9  there  It  a  sharp  drop  in  Ijt.  Presumably,  such  a  complicated 
character  of  the  i),—  ptl  relationship  can  be  esp'it'c J  by  the  slmultanecus  effect  of  pH  in  different  directions:  both 
on  e:,uiiibrium  (1)  (at  pH*t  close  to  7  and  greater  than  7)  and  on  the  kinetics  of  the  electrode  process. 

Finally  we  should  like  to  point  out  mat  the  poMibilltles  if  the  pclarographic  detection  of  Schiff**  B*  es  may 
be  widely  used  in  the  chemistry  of  polymers,  including  the  analysis  of  prctelnu 

SUMMARY 

Methods  have  been  developed  for  the  polarcgrapVc  determination  of  caprolanam  in  the  form  of  <  -aminocaprolc 
acid,  and  also  for  the  determination  of  other  amino  acids  by  their  rapid  conversion  (0.2  N  MaOH)  Into  polarograpblcal- 
ly  active  Schiffs  Bases  (reaction  with  formaldehyde)  which  give  one  clearly  defined  wave  at  all  pH  values  of  the  sup¬ 
porting  elecuolyte.  This  wave  occurs  at  potentials  which  are  more  posit i'.c  thi.n  that  of  the  formaldehyde  wave. 

A  linear  relationship  has  been  established  between  tne  limiting  current  and  total  amino  acid  concentration 
(0.1  N  H1SO4).  The  limiting  current  constant  Ir.aeases  in  the  scries  c  -aminocaprolc  acidiT-amlnoenathlc  acick 
R-amlnopelarogonic  acid;  11-amInoundecanolc  acid.  The  half-wave  potentials  are  shifted  to  mote  positive  values 
In  the  same  successlon:the  limiting  cturent  is  kinetic  in  diaxactet. 

On  the  basis  of  data  obtained  during  a  polarographlc  study  of  the  Schiffs  Base  obtained  from  c  -aml.nocaprolc 
acid,  a  quantitative  evaluation  has  been  made  of  the  effect  of  formaldehyde  concentration  and  the  height  of  the 
mercury  reservoir  on  the  value  of  the  limiting  current.  The  equilibrium  constant  of  the  reaction  between  e  -amino* 
caproic  acid  and  formaldehyde  has  been  determined. 
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Tetraalkyl ammonium  compounds  used  as  supporting  elecuolyies  in  polarography  have  to  meet  very  strict  purity 
requirements.  These  compounds  should  be  purified  even  from  trace  amounts  of  impurities  which  give  polarographie 
waves  or  catalytically  depress  the  hydrogen  overvoltage  on  a  dropping  mercury  catho-!:.  VeCek  [1)  hat  suggested 
difficult  and  complicated  methods  of  purifying  tetramethylammonium  chloride  and  iodide  by  repeated  crystallizatioo 
from  alcoholic  solution  using  the  tetramethylammonium  base  obtained  by  means  of  silver  oxide.  Another  method 
[2]  of  purifying  tetramethylammonium  chloride  by  means  of  methanol  and  acetone  can  only  be  carried  out  by  using 
completely  anhydrous  solvents.  A  method  has  also  been  published  for  purifying  tetrabutylammonium  iodide  [3^ 


In  the  work  described  here  the  extent  to  which  the  quaternary  ammonium  salts  have  been  purified  was  assessed 
polarographie  ally  on  the  basis  of  the  potential  value  (relative  to  the  saturated  calomel  electrode)  at  which  interfer* 
ing  waves  start  to  appear  in  a  0.1  N  aqueous  solution  of  the  test  material,  the  potential  being  determined  graphically 
(see  figure).  N'jmerous  experiments  showed  that  the  potential  value  determined  in  this  way  is  independent  of  the 
choten  sesnsitivity  of  the  galvanometer  and  can  characterize  the  purifity  of  the  solution.  An  LP-55  pciarograph  was 
used  at  a  sensitivity  of  S  *  1/ 10  -  1/ 100;  the  dropping  peuod  cf  the  capillary  was  6  sec  at  zero  applied  potential. 


Contact  between  the  solution  and  a  saturated  calomel  electrode  was  estab* 
llshed  via  an  electrolytic  bridge  lA.l  filled  with  a  21  gel  of  agar-agar  prepared 
in  a  0.2  N  aq<jeout  solution  of  (C|Ii()4NI.  and  2/3  filled  with  saturated  KCI  solutlctS. 
At  high  galvanometer  sensitivities  oxygen  was  purged  fro  n  solution  with  nitrogen. 

Many  q-jaiernary  ammonium  salts  are  very  readily  soluble  in  water  ((CHj)4NI 
it  sparingly  soluble),  so  that  recrystallization  from  aqueous  solutions  ft  usually 
complicated  because  of  the  low  yield  of  purified  product.  Accordingly,  purification 
techniques  were  developed  in  which  two  organic  solvents  were  used,  the  two  solvenu 
chosen  being  such  ihat  the  purified  material  Is  readily  soluble  in  one  of  them  and 
sparingly  soluble  in  the  other  (T-  Me  1),  Using  such  a  technique  it  was  found  pos- 
The  method  used  for  establish-  slble  ro  purify  tliree  of  the  quaternary  salts  studied  in  similar  fashion,  the  only  dlf- 

Ing  the  potential  at  which  fcrence  being  the  nature  of  the  solvents  used.  According  to  this  technique,  10  g 

interfering  waves  start  to  appear,  of  the  salt  to  be  purified  is  dissolved  in  the  solvent  indicated:  the  solution  is  filtered 

and  a  precipitant  added  to  the  filtrate;  the  precipitate  it  collected  on  a  filter, 
washed,  and  finally  dried  in  a  vacuum  desiccator.  Results  are  given  in  Table  2. 


The  solubility  of  teuamethylammonium  Iodide  Increases  sharply  with  rising  temperature  [4];  the  salt  can  be 
purified  by  tecrystallization  from  water  in  this  way.  Thirty  g  of  (CHj)4Nl  it  dissolved  in  100  ml  water  on  boilingi 
the  hot  solution  is  filtered;  and  the  crystals  which  separate  out  on  cooling  are  filtered  off  from  the  mother  liquor, 
washed  with  cold  water,  and  dried.  The  salt  it  then  redissolved  in  100  ml  of  boiling  water  and  poured  Into  a  glats 
beaker  contained  in  a  large  veuel  containing  water  heated  to  100*,  after  which  it  it  left  overnight  for  slow  cooling. 
The  crystals  which  separate  out  are  filtered  off,  washed,  and  dried.  The  yield  it  50'\  The  mother  liquors  can  be 
evaporated  down  to  recover  the  salt.  When  the  method  described  was  used,  starting  with  a  salt  for  which  the  potential 
at  which  ln»— ferlng  waves  started  to  appear  was-2.C5  v,  a  product  wat  obtained  for  which  the  corresponding  potential 
v;  this  product  it  suitable  for  the  polarographie  determination  of  potassium  and  sodium. 


A  more  careful  purification  can  be  canlcd  out  by  ptoirnged  exttaction  of  tetramethylammonium  iodide  with 
chloroform.  For  this  purpose  the  salt  which  hat  been  purtii.d  by  recry ttalllzation  from  water  It  dried,  ground,  and 
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TABLE  !•  Solubility  of  TetraalkyUmmoolum  S«lu  In  Water  and  In  Some  Organic  Solveou 


Test  material 

Water 

Methanol 

Edianol 

Acetone 

Ethyl  ether 

Chloroform 

Tetramethyl  ammonium  chloride 
(CHa)«NCl 

Tetramethylammoninm  bromide 

Soluble 

Soluble 

Soluble 

insoluble 

Inaolnble 

Insolttble 

(CHJ^* 

55  (IS*) 

Sparingly 

soluble 

• 

• 

Teuamethylammonium  iodide 

4.2  (20*) 

0.5(20*) 

0.025 

• 

• 

• 

(CH,V« 

43  (95*) 

1.0  (60*) 

TeuaethylarnrzxxUam  chloride 

Teuaethylammooitim  bromide 

141  (25*) 

Soluble 

Soluble 

Soluble 

Soluble 

(CalWiBr 

Teuaethylaramonium  iodide 

Soluble 

• 

m 

• 

Soluble 

1 

• 

45(25*) 

• 

2.9  (2T) 

Insoluble 

Insoluble 

0.87(20*) 

*  Tberaluei  quoted  refer  to  the  solubility  in  g  per  100  g  of  solvent.  Results  for(CH|)4^«Br  and  (CjH^HCl 
are  taken  fiom  Dictionary  of  Organic  Compounds,  1949,  IL,  Moscow,  pp.  689  and  721« 


TABLE  2.  Purification  of  Teualkyl ammonium  Salts 


Material  to  be  porifled 

Solvent 

Precipitant 

Washed  on 
the  filter 
w5ths 

■ 

Potential  at  which 
interfering  wavesstart 
to  aopear,  v  (relative 
to  the  saturated  calo* 
mel  electrode) 

■ 

Original 

mate'-al 

P»irlfled 

material 

Tetramcthylamnsoolcm 

chloride 

MLxture  of  50  ml 
meiha-K)l  and  100  ml 

200  rrl 

oO  ml 

75 

-2.3 

-2.6 

chloroform 

ether 

ether 

'^etraethylammonlum 

bromide 

50  mi  chloroform 

100  ml 

50  ml 

80 

-2.2 

-2.8 

benzene 

benzene 

T  eu  a  ethyl  ammonlu  m 
lodid: 

Mixture  of  5  ml 
methanol  and  100  ml 

50  ml 

50  ml 

65 

-2.35 

-2.75 

1 

chloform 

benzene 

ether 

100  ml  of  chloroform  added  to  it.  After  extraction  for  7-10  days  with  periodic  stirring,  the  salt  it  transferred  to 
a  filter,  washed  with  50  ml  of  chloform.  dried,  and  recrystallized  from  water  on  slow  cooling.  Chloroform  treatment 
can  be  replaced  by  a  water  extraction  (300  ml  of  water)  over  a  period  of  one  month. 

In  aqueous  solutions  of  a  salt  purified  in  this  way  the  potential  at  which  the  hydrogen  wave  starts  to  appear 
ls-'2.65  V.  Recrystallization  of  (CHiliNl  from  methanol  does  not  give  satisfactory  result:. 

SUMMARY 

New  methods  have  been  developed  for  purifying  teuamethylammonium  chloride  and  iodide,  and  teuaethylaro* 
tnonium  broriude  and  iodide.  The  purified  products  can  be  used  for  polarographic  detetminatioos  in  extremely 
negative  potential  tegiona. 


J 


'J 
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All  •bbfcvlatlons  of  periodicaU  In  tha  abova  btblloKraphf  ara  latlar-b]r>lattar  translltai^ 
allona  of  lha  abbravlatlona  aa  givan  In  tha  original  Ruaalan  Joomal.  Soma  or  mil  of  thim 
oriicai  Utermlur*  mag  w*ll  bm  mvmilmbim  In  Engilab  Irmnalmllotu  A  complata  Uat  of  tha  covaa>te> 
covar  EAgllah  tranalationa  appaars  at  tha  back  of  thia  laaoa. 
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Starik  et  al.^l]  and  later  Sinyakova  [2]  and  other  research  workers  have  pointed  out  the  considerable  Innuence 
which  vanadium  compounds  exert  on  the  polarographlc  reduction  cunecit  of  UC^  .  The  namre  of  this  phenomeooa 
was  first  studied  and  explained  by  Sochevanov  and  Shmakova  in  1933,  and  was  subsequently  confirmed  by  Moraefae- 
vskll  and  Sakharov  [3^ 

When  the  vanadium  content  of  the  solution  Is  unknown,  quantitative  polarographlc  determination  of  uranium 
Is  Impossible.  When,  on  the  other  hand,  the  vanadium  concentration  of  the  solution  Is  established  at  a  constant  level, 
this  has  a  beneficial  effect  on  the  determination  of  uranium,  because  of  an  Increase  In  the  polarographlc  current  of 
uranium  to  ten  times  and  m.  ;e,  and  because  of  the  Increased  sensitivity  of  determination. 

During  polarographlc  determination  of  uranium  In  synthetic  solutions  containing  vanadium.  It  was  established 
that  good  results  can  be  obtained  In  a  chloride  medium  which  it  0.5  M  with  respect  toIiCl  and  I  M  with  respea  to 
chloride  Ions.  The  vanadium  can  be  conveniently  introduced  Into  solution  In  the  form  of  a  concenuated  solution 
of  sodium  vanadate. 

A  solution  which  has  a  constant  concentration  relative  to  If^  and  Cl*  Is  prepared  by  adding  2  ml  of  concentrated 
HCl  to  a  known  volume  of  a  standard  solution  of  manyl  chloride  contained  In  a  25-ml  standard  flask,  and  then  adding 
a  known  volume  of  sodium  vanadate  solution.  The  orange  colored  solution  Is  reduced  on  heating  to  40-50*  with 
the  minimum  amount  of  ascorbic  acid.  Completion  of  reduction  Is  readily  observable  by  the  cppcarance  of  a  pure 
blue  color.  To  the  solution  obtained  In  this  way  is  added  0.6  ml  of  10  M  NaOH  and  10  drops  oS  O.l*?*  thymol  solution, 
after  which  the  volume  is  made  up  to  the  mark  with  water  and  the  whole  thoroughly  mixed.  After  an  aliquot  of  the 
solution  has  been  purged  with  hydrogen  or  COj,  It  is  polarographcd  over  the  polarization  voltage  range  0.0-0.4  v 
(saturated  calomel  electrodeX 

Polarographlc  waves  for  uraniurh  before  wnd  after  addition  of  vanadium  are  compared  in Flg.l.  Figure 2 show* 
the  relation  between  the  wave  height  for  the  reduction  of  uranium  and  the  co  'centration  of  quadrivalent  vanadium 

in  solution.  It  Is  'lear  from  these  curvet  that  vanadium 
strongly  affects  the  wave  height  of  uranium. 

At  high  vanadium  concentrations.osclllation*  In* 
crease  and  the  uranium  wave  staru  to  fuse  with  the  wave 
for  the  reduction  of  the  trlvaient  vanadium  ions  formed. 

Phosphoric  a«id  It  added  to  the  solution  to  Improve 
the  upper  section  of  the  uranium  wave  and  to  eliminate 
the  wave  of  trivalcnt  vaiudiuint  phospliorlc  acid  depressei 
the  uranium  wave  to  some  extent,  but  it  depresses  or  leads 
to  the  complete  disappearance  of  the  ulvalent  vanadium 
wave  (Fig.  3  and  tableX 

The  linear  nature  of  the  relationship  between  the 
uranium  wave  height  and  phosphoric  acid  concentration 


Fig.  1.  Effect  of  vanadium  on  the  polarographlc  wave 
of  uranium  when  the  concenuatloa  of  the  latter  la 
10~^  M.  Vanadium  concentration,  M:  1)  0}.2)4  x  10~’| 
3)5.6x  10‘*|4)8.0x  10**  M  UC^^. 


Phosphoric  add  con- 
centxadon,  M  •  10^ 

Uranium  waveht.l)| 

_ f  .!#-• 

t 

mm 

% 

0,00 

25,0 

100 

2.2f 
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Fig.  2.  The  tclatloosiUp  between  oxanlum 
wave-height  and  the  vanadium  concentxa* 
tion  of  the  solution 

indicates  that  it  could  be  used  foe  an  indirect  polarograpb- 
Ic  de'terminatlon. 

Uranium  is  determined  poiarographlcally  in  a  tup« 


Fig.  3.  Effect  of  i>hos{>ho(ic  acid  on  the  wave 
height  of  uranium  when  the  concenuatlon  of 
the  latter  Is  in  the  presence  of  vanadium 

at  a  concentration  of  8  x  10"*M.  HjPOi  concen¬ 
tration.  M:  1)  0.0;  2)  0.2  x  10'*;  3)  1.11  x  lO'*. 


fyxtlng  electrolyte  of  the  following  corrposlilon;  0.5  M  with  respect  to  HCl,  1.0  M  with  respect  to  chloride,  0.08  M 
with  respect  to  vanadium.  1.0  x  lO’^M  with  respect  to  pliosphorlc  acid,  and  0.002'?»  with  respect  to  thymol. 


The  wave  height  is  ptuportlonal  to  uranium  content  over  the  range  0.0  to  2.0  mg  in  25  ml  of  solution,  or  from 
0.0  to  3.36  X  lO'^M. 

Fe^^^.Pb,  Cu,  etc.,  which  usually  interfere,  should  be  removed  beforehand  during  determination  of  uranium  In 
complex  mixtures.  For  example,  good  results  are  obtained  by  p.-ecipitating  ammonium  d.ixanate  from  a  complexon 
containing  solution  on  a  column  packed  with  silica  gel  (4). 


SUMMARY 

It  has  been  found  that  the  shape  of  the  polarographic  wave  of  uranium,  which  is  catalyzed  by  quadrivalent 
vanadium  Ions.  Improves  In  the  presence  of  phosphate  loni. 
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Photometric  methods  are  used  for  the  determination  of  small  a.nountt  of  cerium  in  minerals  and  cerium*cott- 
talnlng  alloys;  these  methods  includes  the  peroxide  [1],  benzldene  [2],  8-hydroxyqiiirioline  [3],  ciuate  [4],  o-tolldlne 
[S]t  etc., photometric  methods.  We  have  developed  a  rapid  photometric  method  for  the  determination  of  small  amounts 
of  cerium,  which  does  not  Involve  separating  if  from  a  number  of  accompanying  elements;  the  method  Is  bated  oo 
the  oxidation  — reduction  interaction  between  quadrivalent  cerium  and  the  halochromic  compound  of  an  azo  dye  with 
sulfuric  acid  [6X 

Of  a  number  of  azo  dyes  tested  for  this  purpose,  methyl  orange  and  methyl  red  proved  to  be  the  most  suitable. 

The  methyl  orange  solution  should  be  prepared  in  €0^^112504,  while  the  methyl  red  sotutloo  should  be  prepared 
in  11,604;  the  ab'^^rption  maximum  of  the  first  solution  occurs  at  496  mu.  while  that  of  the  second  lies  at  533 mu. 
Both  dyes  give  almost  identical  results;  accordingly,  we  shall  only  give  the  results  c^tained  t>heo  methyl  red  was  used. 

With  addition  of  inaeaslng  amounts  of  quadrivalent  cerium  salts  to  a  sulfuric  acid  solution  of  methyl  ted.  the 
optLa!  donilty  of  the  dye  solution  dcacases.  When  the  difference  Dv^c  along  the  ordlts-ve  and  the  cerium 

concenuation  (In  ug/ml)  plotted  along  the  abscissa,  a  cunc  In  the  form  of  an  ascending  stralglit  line  is  obtained 
(flgureX 

This  relation  Is  expressed  mathematically  by  the  equation  for  a  r^ralght  ime 
Dr-Dc-  KC,  where  D|  I»  the  optical  density  of  the  dye  solution  (frer  from 
Dc  is  the  optical  density  of  the  dye  soluMon  after  addition  ei  C  ug  cerium  per  ml  of 
solution,  and  K  is  the  Droportionality  coefficient. 

Preparation  of  Solutions  for  Constructing  a  Calibration  Curve.  0.0202  g  of 
Ce(S04>j*4Hj0  is  dissolved  Ln  2  N  H;S04  in  a  250-ml  standard  flask;  1  ml  of  this  solu¬ 
tion  contains  28  pg  of  cerl-um.  A  10‘*  -  3  •  10'^  solution  of  methyl  red  Is  prepar¬ 
ed  by  dissolving  the  reagent  In  an  80^  by  volume  aqueous  solution  of  chemically 
piue  sulfuric  acid;  If  the  sulfuric  acid  contains  appreciable  amounts  of  oxidizlr^g  Impurities  it  should  be  treated  w|di 
•  O.OS  N  KMn04  solution  (the  first  drops  are  imrr.ediately  decolorized  on  mixing;  the  treatment  is  stopped  when  the 
rose  color  persists  for  3-5  sec). 

Three  ml  of  dye  solution  is  Introduced  into  each  cf  6  test  tubes;  to 
the  first  test  tube  is  added  1  ml  of  the  cerium  salt  solution,  while  1.5  ml 
is  added  to  the  second,  2.0  ml  to  the  third  and  so  on;  4  ml  of  2  N  flfSOii  Is 
added  to  the  sixth  test  tube;  the  volumes  of  the  solutions  in  test  tubes  1-5 
ate  also  made  up  to  7  mi  with  2  N  H,S04.  The  solutions  are  mixed  and  ibe 
optical  density  measured  after  10-15  min. 

The  optical  densities  obtained  D,  (sixth  test  tube)  and  Dc.  and  C  (pg) 
are  given  in  the  table  (see  Table  1).  A  calibration  curve  is  constructed 
within  the  coordinates  and  C  on  the  basis  of  these  results. 

In  order  to  determine  the  cerium  content  of  the  test  solutlod  1  ml  of 
this  solution  is  addl'd  to  3  ml  of  dye  solution;  the  volume  is  made  up  to 
7  ml  with  2  N  H,SO|4  and  the  solution  mixed;  its  optical  density  Dc  is  measured  after  10-15  min.  and  the  difference 
Dr-Dc  determined;  on  the  basis  of  this  difference,  and  using  the  calibration  curve,  the  cerium  content  In  pg  cone* 


TABLE  1.  Data  for  Construction  of 
a  Calibration  Curve 


Do 

Do 

1  D.-/>e 

C,/igCe*'7inl 

2.00 

1,85 

0,15 

4 

1,70 

0,.T0 

6 

1,55 

0.45 

8 

1,35 

0,65 

10 

1.20 

0.8Q 

12 
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ipoodlng  to  cadi  ml  lo  the  flail  volume  (7  ml)  b  cxablUbed 

Nl*^,  MnP^,  Za*'^,  Cd*^.  Mg*^,  Al**,  Ci**.  MooJ*.  00{^,  Cu*^,  and  Co^  la  amouou  of  lOCO  |ig  per  6  |ig  of 
cerium  do  oot  loterfere  with  ceiiuro  determloatiom  oelthcr  do  Fc*^,Cl'  •  and  NOt  loteifere  at  loog  at  ooC  more 
tbaa  50«100  |ig  of  each  of  theie  loot  It  preient  per  6  pg  of  cexltun. 

Resulu  for  the  dctermioatloa  of  cerium  In  the  pceteocc  of  all  the  loot  Utted  above  arc  given  In  Table  g. 


TABLE  2.  Determloatioo  of  Cerium  In  the  Pretence  of  Other 
loot  (6.0  pg  Ce  taken) 


Me  added,  pg 

Ce*'^fouDd,pg 

Devlatloo,  pg 

Cu»».  Co»*.  Ni*\ 

6.5;  5.5;  6.5 

0.5;  0.5;  0.5 

Mn*^.  Zn*^. 

6,0;  6.2;  6.5 

0.0;  0.2;  0.5 

01M>,  0»».  Al»» 

MoOj’.  UO!* 

1000  pg  of  eadi 

6.2;  5.5;  6.0 

0,2;  0.5;  0.0 

Fe'».  a-,  NO* 

100  pg  of  each 

SUMMARY 

A  photometric  metLod  it  suggested  for  the  determloatioo  of  small  amounts  of  cerium  by  meant  of  a  tulfurlc 
acid  solution  of  methyl  ted;  the  tneihod  It  based  on  the  oridation-  reduction  reaction  of  the  azo  dye  vith  quadri* 
valent  cerium.  The  decrease  in  the  optical  density  of  the  azo  dye  solution  It  linearly  related  to  the  amoont  of 
cerium  added  to  the  solution. 

Moderate  amounts  of  Cu*^  ,  Co*\  Ni*^.  Zn*^.  Mn**.  Mg*^.  Cd^,  Cx^,  Al^.  Fe^,  MoC^’.  Uo{^,  CT,  and 
NO)*  do  not  Interfere  with  cerium  determinatioo. 
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Small  amounts  of  rhenium  in  alloys  can  be  determined  pbotomeuically  by  the  thiocyanate  method  (1]|  loot 
which  possess  an  intrinsic  color  or  which  form  sparingly  »oIubIe  or  colored  compounds  interfere  in  this  method. 

Copper  Ions  form  a  sparingly  soluble  thiocyanate.  We  have  succeeded  in  determining  rhenium  in  solutlofu  contalo* 

Ing  not  more  than  8  •  10**g-Ion  copper/llter.  Thiourea  complexes  copper  Imo  a  colorleu  complex  and  permits 
determination  of  rhenium  In  the  presence  of  2  •  10“*  g-k)n  c»pper/  liter.  At  h.gh  thiourea  concetitrations  a  rhenium 
thiourea  complex  it  formed  which  has  different  properties  than  the  thiocyanate  compound  [2). 

For  determination  of  rhenium  In  alloys  by  the  thiocyanate  method  we  separated  rhen'um  from  the  other  com¬ 
ponents  beforehand  by  Ion  exchange  chromatography.  Rhenium  it  cot  held  back  by  cation  exchange  reslm  and 
passes  into  the  filtrate;  the  cations  remain  on  the  ioo-exchange  column  [3,4).  The  cations  which  remain  on  the 
column  can  be  subjected  to  subsequent  separation  or  can  be  eluted  completely  into  solution.  Nitrates.which  interfere 
with  rhenium  determination. are  removed  by  a  double  evaporation  of  the  solution  with  hydrochloric  acid. 

An  lioo-bascd  alloy  cor.tafnlng  large  amounts  of  aluminum,  mangau  se,  nickel,  and  up  to  copper  was 
analyzed.  0.1  g  of  alloy  it  divolved  in  10  ml  of  an  acid  mixture  consisting  of  5  ml  of  hydrochlorid  acid  (1  r  2)  and 
5  ml  of  nlirlc  acid  (1  r  i)i.  Solution  it  effected  on  gentle  hearing,  and  the  solution  it  evaporated  to  a  volume  of 
0.5-1  ml  on  a  water  bath.  Evaporation  should  be  carried  oc:t  carefully  since  rhenium  compounds  are  volatile  from 
acid  solutions.  To  the  residual  solution  Is  added  5  ml  of  concentrated  hydrochloric  acid  and  the  evaporation  Is  repeat¬ 
ed.  Evaporation  with  hydrcscMoric  acid  is  repeated  c>cce  again.  The  salts  are  dissolved  on  stirring  in  50  ml  of  distil¬ 
led  water.  The  solution  obtained  is  passed  tlixough  au  ion-exchange  col  Jtnn  at  a  rate  not  exceeding  4  ml/ min.  For 
complete  removal  of  rhenium  anion?  it  is  sufficient  to  wash  the  colurrn  with  150  ml  of  water.  The  flluate  and 
wash  liquors  containing  all  the  rhenium  axe  collected  in  a  250-mI  standard  flask.  The  cations  remaining  on  the 
column  are  eluted  by  washing  the  column  with  COO  ml  of  4  N  sulfuric  acid.  The  acid  solution  containing  all  the 
cations  can  be  used  for  their  determination.  Separation  of  rhenium  from  the  other  alloy  components  by  the  recom¬ 
mended  technique  takes  up  to  SO  min. 

A  50-mI  buret  containing  10  g  of  the  cation  exchange  resin  KU-2  serves  as  the  lon-cxchange  column.  The 
resin  Is  kept  in  position  in  the  buret  with  a  plug  of  glass  wool.  The  cation  exchange  resin  is  converted  Into  the 
H  form  by  successive  washing  of  the  column  with  100  ml  of  2  N  hydrochloric  acid  and  100  ml  of  distilled  water. 

The  rhenium  solution  in  the  standaid  Qask  is  made  up  to  the  mark  with  distilled  5-10  ml  of  this  solu¬ 

tion  it  transferred  to  a  50-ml  standard  flask;  20  ml  of  hydrochloric  acid  (1  r  1)  is  added,  followed  by  2  ml  of  a  50*^ 
potassium  thiocyanate  solution  and  2  ml  of  a  20'^  solution  of  SnCli  •  2il|0  in  concenuated  hydrochloric  acid,  and 
the  volume  made  up  to  the  mark  with  distilled  water.  The  solution  is  mixed  after  addition  of  each  reagent.  The 
optical  density  it  measured  after  10  min  in  a  F^K-M  photoelectrocolorimcter  fitted  with  a  blue  fllteri  distilled 
water  is  used  as  the  reference.  The  rhenium  content  is  dctcrnilncd  by  means  of  a  calibration  curve  construaed  with 
the  aid  of  pure  potaulum  petTbenate. 

The  standard  solution  is  prepared  by  dissolving  0.1554  g  of  potassium  penhenate  In  100  ml  of  1  N  hydrochloric 
acid;  1  ml  of  this  solution  contains  1  mg  of  ibeoium.  Solutions  of  the  requisite  concentration  ate  obtained  by  dilut¬ 
ing  this  standard  solution. 

Direct  photometric  determination  with  thiourea  [2]  was  studied  at  a  possible  way  of  speeding  up  and  simplify- 
ing  the  determination  of  rhenium  in  alloys,  in  acid  solutions  in  tlie  presence  of  a  reducing  agent,  thiourea  forma 
with  rhenium  compounds  a  complex  compound  which  has  a  greenish  color.  The  maximum  absorption  of  the  complex 


377 


\it%  to  the  iboft -wavelength  tegloo  of  the  tpecmim.  The  rcUtloa  between  optical  dentity  and  coaceotratloo  la 
llneat  over  a  wide  coocentratloa  range  (5-160  Re  In  25  ml).  The  molar  extlnaloo  coefflclent  of  the  rhenlnm  . 
thiourea  complex  It  6.2  *  10*. 

rtwmaiion  of  the  thiourea  complex  Is  slow  at  room  temperature.  Dissolution  of  the  alloy  and  evaporation  of 
thv  niulc  acid  are  carried  out  as  deaibed  In  the  previous  instance.  Fifty  ml  of  distilled  water  Is  added  to  the  evapo¬ 
rated  tolutioo.  and  mixing  canied  out  until  the  salts  dissolve.  The  contents  of  the  beaker  used  are  transferred  to  • 
200-ml  standard  flask  and  the  volume  made  up  to  the  mark  with  distilled  water.  A  25-ml  aliquot  of  the  solution  la 
tiansfened  to  a  50-ml  standard  flask)  10  ml  of  concentrated  hydrochloric  acid  Is  added  and  the  solction  cooled) 

10  ml  of  a  S'Tk  aqueous  solution  of  thiourea  Is  added)  this  is  followed  by  2  ml  of  20*^  SnC1|  •  2K|0  solution,  and  die 
volume  finally  made  up  to  the  mark  with  water.  Optical  density  is  measured  using  a  light  filter  with  maximum 
tratumiuion  at  400  m)i. 


Results  of  Rhenium  Determination 


Wt.  of  alloy. 

g 

Flhenlum  found,  Ik 

|by  the  thiourea  methoc 

by  the  thiocyanate  method 
after  chromatographic 
icparatloa 

0,if)3 

0,58 

0,60 

0,113 

0.04 

0.61 

0,120 

O.CO 

0.59 

0,t.l3 

0,61 

0.6t 

0.114 

0.65 

0,62 

0.101 

0,61 

0,62 

Fesuhs  of  rhenium  dctermlaatloo  by  the  two  recommended  methods  are  given  in  the  table. 

SUMMARY 

Small  amounts  of  Re  in  aIlo>s  can  be  determined  by  the  thiocyanate  method  after  preliminary  separation  of 
rhenium  by  means  ol  a  cation  exchange  resin, 

Dlxca  photometric  determination  of  rhenium  at  its  thiourea  complex  it  nxre  rapid. 
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Cobalt  cupferronate  Is  readily  exuacted  from  an  aqueous  layer  by  chloroform  at  pH  about  2.  vhile  Iron  cupfer- 
ronatt  b  extracted  quautitatively  by  the  tame  solvent  at  pH  <1.  The  technique  for  separating  bon  bom  cobalt  reducea 
to  the  following.  Hydrochloric  acid  it  added  to  the  test  solution  contained  in  a  separation  funnel  until  the  acid  coo* 
centration  is  approximately  1  M  ;tbe  volume  of  the  solution  should  be  10-15  mU  Seven  m«  of  a  6^  aqueous  ulutloo 
of  cupferron  it  then  added  in  the  cold;  the  solution  it  mixed  and  it  then  shaken  up  with  10  ml  of  chloroform.  The 
chloroform  iaye^  which  hat  a  red  color  bom  the  boo  cupferronate, it  discarded;  3  ml  of  cupferron  toltitioo  it  added, 
followed  by  5-7  ml  of  chloroform.  Exuaaioo  with  chloroform  In  the  presence  of  cupfenoo  it  repeated  until  the 
chloroform  layer  hat  a  yellow  color. 

The  aqueous  phase  it  evaporated  to  dryness  on  a  water  bath.  If  the  dry  residue  bat  a  yellow  coke  becanse  of 
the  presence  of  cupferron.  the  latter  is  desuoycd  with  a  mixture  of  nitric  acid  and  hy  Jrogen  peroxide  (3  r  1)  with 
addition  of  a  few  drops  of  sulfuric  acid. 

To  determine  the  cobalt,  the  solution  obtained  it  evaporated  to  dryncu  on  a  water  bath.  The  residue  it  dis¬ 
solved  in  10  ml  of  a  mixture  of  0.5  ml  of  concentrated  hydrochloric  acid.  0.5  ml  of  concentrated  niuic  acid  and 
9  ml  of  water.  The  soIution,whlch  is  heated  to  the  bolI,it  mixed  with  5  ml  of  a  50f»  sodium  acetate  solution  and 
2  ml  of  a  O.l'?*  solution  of  nitro-R-talt,  and  the  whole  boiled  for  not  less  than  one  minute.  Two  ml  of  concentrated 
HfiO|  is  added  to  the  mixture  obtained  and  the  whole  boiled  again  for  one  minute.  The  red  colored  solution  It  diluted 
to  a  known  volume  and  the  color  of  the  final  solution  compared  visually  in  a  colorimeter  tube  with  a  scale  prepared 
beforehand. 


T.^BLE  1,  Determination  of  Cobalt  after  Removal  of  Iron  with  Cupferron 


Taken 

Ratio  be¬ 
tween 
O^lFe*^ 

C<f*  found 

1 

1  Taken  ^ 

j 

- 1 

Ratio  be- 

found 

Fc*\ 

1  mg 

Mg 

1 

O 

OQ 

mg 

tween 

C<;^Fe*^ 

Mg  1 

10 

10 

1  :  1000 

9.5 

95 

30 

20 

1  :6G« 

29.5 

98.2 

15 

30 

1  :  2Of)0 

14.5 

96,5 

40 

GO 

1 : 1500 

.39  1 

97.5 

20 

10 

1  :  5<X) 

19 

.  95 

fiO 

30 

1  :Cno 

48.5  1 

97 

25 

1  :  2000 

24 

90 

50 

50 

1  : 1000 

49 

08 

30 

10 

1 :  333 

1 

29 

96  57 

1 

At  the  results  given  in  Tpble  1  show,  determination  of  cobalt  after  removal  of  boo  by  means  of  cupferron 
gives  completely  satisfactory  results, 

Deterrr.inatioo  of  cobalt  in  soils  gave  encouraging  results.  For  this  purpose  varying  amounts  of  bon  and  cobalt 
salts  were  added  to  an  aliquot  of  soil  (5  g).  The  soil  was  calcined  in  a  porcelain  aucible  in  a  mufOe  at  a  weak  red 
heat  for  1.5-2  hr.  The  crucible  was  cooled  and  10  ml  of  concentrated  HCl  and  10  ml  of  concentrated  HNO|  added. 
The  solution  was  evaporated  to  dryness  on  a  water  bath.  The  residue  was  dissolved  in  20  ml  of  1  M  hydrochloric 
acid  and  filtered.  The  filtsate  was  transferred  to  a  separating  funnel  and  the  iron  removed  by  means  of  cupferron  at 
described  above. 
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TABLE  2.  DetermioMloo  of  Cobalt  la  Soil  (S  |)  after  Removal  of  Roa 


Added 

fotoid 

Added 

fotlJ 

Fe**,  mg 

Mg 

Fe*^.mg 

Mg 

15.0 

5 

34.0 

95.0 

_ 

14.5 

23 

8 

-:t6,5 

93.48 

1 

15.3 

25 

9 

40,0 

100.0 

IS 

2 

29.5 

OG.tiO 

30 

10 

44,0 

06.66 

18 

3 

32,0  • 

94.44 

TiM*  2  ihows  that  cobalt  Is  removed  from  iroa  quaotitatively  by  mearu  of  cupferroo.  aod  la  determined 
reasonably  accurately. 


SUMMARY 

A  icchnlt^e  has  been  developed  for  separating  froo  from  small  ansounts  of  cobalt  by  extracting  the  former 
as  its  cupfenonate  with  chloroform.  The  method  has  been  checked  by  determinlrtg  cobalt  in  soils;  good  results  were 
obtained. 
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Of  the  numerous  methods  of  determining  acetic  acid  [1]  the  photometric  method  is  the  most  selective.  The 
method  Is  based  ou  the  capacity  of  basic  lanthanum  acetate  to  give  a  color  with  Iodine.  Kruger  and  TKhlrcb  (2) 
suggested  this  reaction  for  the  qualitative  detection  of  acetate  Ions;  Cl',  PO^',  SqI',  Ca^,  and  organic  mate* 
rials  which  reduced  Iodine  Interfere.  It  was  subsequently  found  that  laalc  and  pyruvic  acids  also  Interfere.  Propionic 
acid,  like  acetic  acid,  jlves  a  blue  color.  Under  cenain  conditions  the  reaction  mentioned  can  be  used  for  tne  quaa* 
titatlve  determination  of  acetic  acid  [3.4].  Hutchens  and  Kass  [4]  have  determined  mlaoamounts  of  acetic  acid  la 
the  media  used  for  the  culture  of  microorganisms.  After  removal  of  Interfering  inorganic  materials,  acetic  acid  can 
be  determined  with  an  acouacy  of  3>S^  Fluoroacetlc  acid  and  other  halogen-substituted  acetic  adds  can  be  deter* 
mined  with  the  tame  a:curacy. 

In  the  work  described  here  we  used  the  method  Indicated  for  the  rapid  quantitative  determination  of  acetic 
arid  without  removing  it  beforehand  from  the  mixture  of  acids.  We  were  interested  In  the  possibility  of  determining 
acetic  arid  quantitatively  in  the  products  irom  the  ozonolysls  of  vinyl  acetylene  hydrocarbons,  i.e..  In  the  presence 
of  formic,  uimethylacetlc.  and  trlmethylpyruvlc  acids,  the  concentrations  of  which  corresponded  to  thvL'  content 
In  the  ozonolysls  produau 

As  we  established,  uimethylpyruvic  acid,  like  pyruvic  acid.  Interferes  with  the  determination  by  reducing  iodine. 
Nevertheless,  after  oxidizing  the  trlmethylpyruvlc  acid  and  distilling  off  the  acetic  acid  by  the  method  suggested 
below,  the  acetic  acid  can  be  determined  with  an  error  of  1*3^ 

EXPERIMENTAL 

Preparation  of  Solutions.  0.02  N  aqueous  Iodine  solution  (2.54  g  of  chemically  pure  Iodine  and  33.2  g  of 
chemically  pure  potassium  iodide  are  dissolved  in  one  liter  of  distilled  water);  2.5^  lanthanum  nitrate  solution 
(12.5  g  of  chemically  pure  La(NC})}  la  500  ml  distilled  water  ]. 

Formic  acid :  commercial  product. 

Trlmcthylacetlc  acid  (m.p.  34*)  was  synthesized  from  teitlaiy  butyl  chloride  and  carbon  dioxide  by  Crlgnard*! 
method. 

Trlmethylpyruvlc  acid  (m.p.  90-91*)  was  prepated  by  oxidation  of  plnacollne  with  permanganate  [5]. 

We  used  a  calibration  curve  which  was  constructed  using  a  solution  of  sodium  acetate  obtained  by  tluatlng 
an  accurately  weighed  amount  of  acetic  acid  with  0.1  N  NaCH. 

All  optical  density  measurements  were  carried  out  on  a  FfK*N-54  apparatus  using  a  Na  8  filter  (transmluioa 
maximum  at  CS6  mMV 

Experimental  Procedure.  One  ml  of  solution  containing  0.08-0.25  mg  of  acetate  was  Introduced  Into  a  5*6  ml 
test  tube  with  a  well  fitting  ground  stopper.  One  ml  of  2  5*^  lanthanum  nluate  was  carefully  added  along  the  test 
tube  walls,  and  this  was  followed  by  0,1  ml  of  0.02  N  Iodine  solution  and  finally  by  1  ml  of  0.1  N  amnsonla  solution. 
The  contents  of  the  test  tube  were  heated  for  5  min  on  a  boiling  water  bath,  aod  were  then  cooled  In  a  beaker  of  water 
and  the  optical  density  of  the  solutloo  mcasuted  after  30  min  In  a  cuvette  with  f  «  1  cm.  A  control  solution  was 
prepared  In  parallel  and  the  optical  density  of  the  colored  solutions  measured  relative  to  it.  It  should  be  emphasized 
that  the  order  in  which  the  reagents  ate  added  must  be  utlctly  adhered  to.  Hutchens  and  Kau  in  their  paper  [4]  re* 
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commend  that  a  "combined*  reagent  be  prepared  by  mixing  equal  volume*  of  ammonia  and  lathanuro  nitrate  and 
adding  2  ml  of  the  mixture  obtained  to  the  acetate  lolutioo.  According  to  our  observations,  utder  these  conditions 
the  color  only  develops  after  standing  for  a  long  time  or  not  at  alt  This  can  be  explained  by  the  fact  that  the  basic 
Ixuthanum  acetate  originally  formed  and  sdtich  is  not  capable  of  adsorbing  iodine  reacts  very  slowly  with  acetate. 

At  very  low  acetate  concentrations  the  color  only  develops  aher  heating  and  has  a  slightly  greenish  tinge. 

When  uimetbylpyruvic  acid  and  acetic  acid  were  present  simultaneously,  the  acetic  acid  was  determined  after 
oxidation  of  the  keto  acid  with  chromic  mixture.  Twenty-five  ml  of  solution  containing  a  known  amount  of  acetic 
and  uimetbylpyruvic  acids.  0.5  g  of  potassium  dichromate,  and  1  ml  of  concentrated  sulfuric  acid  were  inuoduced 
into  a  250-ml  Kjeldahlflaskfitted  with  a  dropping  funnel,  a  Kjeldahl  adapter  and  a  condenser.  The  mlxtixc  washeated 
for  one  hour  to  the  boiU  The  acid  products  obtained  were  steam  distilled  and  0.1  N  NaOH  added  until  the  pH  was 


Determination  of  Acetic  Acid  in  the  Presence  of  Other  Adds 


Amount  of  acetic  acid, 

mg 

Error 

Ratio  of  the  concentration  of  lorraic 
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to 

S.C'IO  as  mearured  by  a  pH  meter.  The  volume  of  the  neuualized  distillate  was  made  up  to  250  ml  and  the  acetic 
acid  determined  as  desaibed  above. 

It  is  clear  from  the  table  that  formic  and  trimethylacctic  acids  do  not  interfere  with  the  determination,  even 
when  their  concentration  is  ten  times  that  of  acetic  acid.  The  enor  of  the  method  desaibed  for  determination  of 
acetic  acid  is  1-3^ 


SUkfMARY 

It  has  been  established  liiat  it  is  possible  to  determine  acetic  acid  photometrically  in  mixtures  containing 
large  amounts  of  formic  and  trimethylacctic  acids.  Acetic  acid  can  only  be  determined  in  the  presence  of  trimeth* 
ylp)ruvic  acid  when  the  latter  has  been  oxidized  beforehand. 
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We  showed  In  a  previous  paper  [1]  that  acrylonluile  Is  a  suitable  reagent  foe  the  quantitative  determination  of 
thloalcoboli  and  thlophenjli.  The  reaction  between  acrylonitrile,  thioalcohols,  and  thlophenoli  proceeds  quentltatlve- 
ly  In  the  absence  of  a  catalyst.  Further  work  on  studies  of  the  possibility  of  using  acrylonitrile  In  organic  analysts  has 
shown  that  this  reagent  can  be  used  for  the  quantitative  determination  of  alcohols  when  the  reatlon  Is  carried  out  In 
an  alkaline  medium.  Acrylonitrile  reacts  with  alcoboltaccotdingtotheequatlonROH<fCl^sCH*CN-»ROCKtCHsCN[2l 

By  adding  a  known  excess  of  acrylonitrile  dissolved  In  dloxane  to  the  reaction  mixture  and  determining  the 
excess  of  the  reagent  by  the  sulfite  method  we  suggested  earlier  [3.4].  It  Is  possible  to  determine  primary  and  second¬ 
ary  alcohols,  and  alcohols  with  certain  other  functional  groups,  quantitatively.  In  the  cases  of  poly  functional  alcohols 
(ethylene  glycol)  only  one  of  the  hydroxyl  groups  reacts  quantltatlv'>Iy  In  the  cold.  For  primary  alcohols  the  reaction 
Is  complete  after  Ihrto  Ihr  30  min  at  room  temperature,  and  15-30  mm  at  35-40*;  the  reaction  takes  3-6  hr  at  room 
temperature  and  1  hour  to  30  mla  at  35-40*  In  the  cate  of  secondary  alcoholv  An  essential  prerequisite  Is  that  the 
dloxane  and  acrylonitrile  be  carefully  purified  from  peroxides  and  ether  impurities.  Water  interferes  with  the  deter¬ 
mination  since  It  reacts  with  aaylonltrlle  In  the  presence  of  alkalL 

The  aaylonltril'e  Is  shaken  with  a  sodium  hydroxide  solution;  It  Is  then  dried  first  with  potash,  then  with  mag¬ 
nesium  sulfate,  and  finally  distilled.  Dloxane  Is  boiled  under  reflux  for  several  hours  with  finely  cut  sodium  metal 
and  then  distilled  over  sodium. 

Results  of  determinations  of  alcohols  are  given  In  the  table. 

Experimental  Proerdtge.  About  1  mM  of  test  alcohol  Is  Introduced  Into  a  25-ml  standard  flask;  5  ml  of  dloxane 
Is  added,  followed  by  0.02-0.03  g  of  finely  group  potassium  hydroxide.  The  flask  Is  noppered  and  earefully  shaken 
until  (he  alkali  has  dissolved  completely,  after  whkh  dioxane  is  added  to  the  mark.  One  ml  of  the  solution  prepared 
is  introduced  Imo  a  ground-neck  conical  flask;  2  ml  of  1  N  acrylonitrile  solution  is  added  (*72  g  acrylonitrile  In  oue 
liter  of  dloxane):  the  flask  Is  stoppered  and  allowed  to  stand  (for  primary  alcohols.  1  hour  to  1  hr  30  min  at  room 
temperature  or  for  15-30  min  at  35-40* ;  for  secondary  alcohols.  3-6  hr  at  room  temperature,  or  for  1  hr  to  1  hr 
30  min  at  35-40*X 

After  the  reaction  is  complete.exccss  acrylonitrile  Is  determined;  25  ml  of  1  M  sodium  sulfite  (240  g  of  the 
sept ihydr ale  in  one  liter  of  boiled  distilled  water)  is  added  to  the  iIb/a;  tiiii  is  followed  by  5-7  drops  of  mixed 
thymolphihaleln-allrarin  yellow  l.idicator  (the  Indicator  Is  prepared  by  mixing  30  ml  of  a  O.lT^alcohoUc  solution 
of  thymolphthalein  with  15  ml  of  0.1*^  aqueous  alizarin  yellow  solution)  and  the  liberated  alkali  titrated  with  0.1  N 
hydrochloric  acid  until  the  blue  color  dlsappeats  and  a  yellow  color  appears. 

A  blank  test  it  carried  out  simultaneously.  Two  ml  of  acrylonitrile  Is  added  to  25  ml  of  sulfite  solution,  and 
after  5  min,  1  ml  of  the  prepared  solution  oi  test  alcohol  added.  The  solution  is  finally  tluated  will,  C.l  N  acid.uslng 
the  tame  indicator. 

Results  are  calculated  by  means  of  the  formula 

c-IO  ' 

where  a  and  b  are  the  number  of  ml  of  acid  used  for  titrating  the  blank  and  the  test  solution  respectively;  c  is  the 
wclglit  of  alcxshol  taken;  and  N  Is  the  normality  of  the  acid. 
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SUMMARY 


A  tltrlmetric  method  bu  been  developed  for  die  detennloMloo  of  primary  and  wooodaiy  alooholi,odag  tbeb 
reaction  with  acrylonitrile  in  the  presence  of  alkalL 

The  reaction  takes  some  tens  of  minutes  (at  3S-40*X 

The  reaaion  is  carried  out  in  dioxaoe  solution.  Toe  excess  acrylonitrile  Is  determined  by  the  nilfhe  method 
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Analysis  of  mixtures  of  teirachloroalkanes  (TCA)  obtained  by  telomerization  of  carbon  teuachloride  with 
ethylene  is  a  difficult  problem.  Thus,  despite  appreciable  differences  in  the  boiling  points,  during  analysis  of  mix¬ 
tures  of  TCA  by  analytical  distillation  on  a  fractional  distillation  column,  a  high  degree  of  accuracy  is  not  obtained. 
Moreover,  a  comparatively  large  amount  of  sample  is  required  when  this  technique  is  used.  Gas  liquid  chromatogra¬ 
phy  would  appear  to  be  the  most  promising  method  for  analysis  of  mixtures  of  TCA. 

During  studies  of  the  distribution  of  adjacent  TCA  between  different  solvents  during  extraction,  and  determina¬ 
tion  of  the  partition  coefficients  of  binary  mixtures  during  evapotatioi\  it  is  necessary  to  carry  out  a  series  of  express 
anal}-scscrbinary  rr.ixtures  of  TCA.  In  such  a  case  the  simple  and  fairly  accurate  method  of  analysis  developed  in 
detail  for  the  determination  of  the  isotopic  composition  of  water  (1]  is  very  convenient  to  use.  The  method  it  based 
on  measuring  the  dropping  time  of  drops  of  the  test  samples  in  a  viscous  mediuiii.  The  dropping  time  it  proportional 
to  the  density  which  depends  on  the  composition  of  binary  mixtures  of  components  with  different  densities.  The 
density  of  the  medium  in  which  the  drops  are  allowed  to  fall  should  be  similar  to  that  of  the  test  samples  in  order 
that  the  dropping  time  it  long  enough  for  it  to  be  measured.  Since  individual  TCA  have  different  densities,  and  the 
density  difference  amounts  to  0.09  for  Cj-Cj  mixtures  and  0.0?  for  Cn-Cu  mixtures,  it  it  impossible  to  choose  one 
medium  which  is  suitable  for  the  determination  of  the  dropping  tlrne  for  all  binary  mixtures  of  TCA  (2).  The  nx?« 
suitable  media  for  measuring  the  dro(<plng  rate  of  drops  of  binary  mixtures  of  TCA  were  found  to  be  aqueous  solutit'oa 
of  Na^SjOj  for  C^-Cf  mixtures  and  SaCl  solutions  for  Cj~Cu  mixtures.  Chemically  pure  reagents  s'^re  used  for  pre¬ 
paring  the  requisite  solutions,  the  NaCI  concentration  bclrg  subsequently  determined  argentimetiically  and  the 
NajSjOj  ccncentratlon  lodomctrically. 

Calibration  curves  were  constructed  with  the  aid  of  Mindard  mixtures  of  TCA.  and  the  la*ter  were  prepared  by 
weighing  out  aliquots  of  individual  TCA;  mlcrobutets  were  u'eJ  for  measuring  oui  the  aliquots  so  that  the  composi¬ 
tions  of  the  mixtures  differ  from  each  other  by  approximately  10‘;».  Pure,  individual  TCA  obtaln*'d  by  i  double  d'l- 
tillaticn  on  a  ladder-type  laboratory  column  used  for  molecular  distillation  [JJ]  were  used  for  nrepa'ing  the  standard 
mixtures.  Ln  order  to  measure  out  drops  of  exactly  the  same  size,  a  capillary  of  the  type  used  for  isotopic  analysis 
of  water  was  used.  The  test  tube  holding  the  solution  had  a  diameter  of  10  mm  and  was  about  35  cm  long.  The  test 
tube  was  immersed  in  a  thermostat  kept  at  25 » 0.1*.  The  thermostat  temperature  docs  not  have  to  be  controlled 
accurately  because  aqueous  solutions  are  used.  The  dropping  time  vat  determined  by  measuring  the  time  taken  by 
a  drop  to  pass  two  marks  15  cm  apart.  The  dropping  time  was  determined  10*12  times,  results  differing  by  more  than 
t  0.3  sec  from  the  mean  value  as  a  result  of  random  deviations  in  the  size  of  the  drops  being  rejected.  Before  meas¬ 
urement  the  mixtures  were  shaken,tince  it  was  found  that  on  standing  there  was  a  tendency  to  fractionate  according 
to  density. 

Since  it  was  foind  that  a  medium  with  one  density  was  insufficient  for  determination  of  the  concentration  of 
even  one  binary  system  with  the  requisite  degree  of  accuracy,  the  concentration  range  measured  was  divided  into 
two  sub -ranges  which  overlapped.  Solutions  of  the  following  concentrations  were  used;  forC|-C|  mixtures.  585 
and  510  g  NajSyOj/  liter;  for  Cj-C*.  318  and  280  g  NaCl/  liter:  for  C*-Cu,  238  and  211  g  NaCi/  liter;  for  C||-C|^ 
118  and  111  g  NaCi/  liiet;  and  for  Cu-C||,  165  g  NaCl/  liter.  The  calibration  curves  for  the  binary  mixtures  ZiC 
shown  in  the  figure. 

When  the  calibration  curvet  have  beep  conuructed.  analysis  reduces  to  determination  of  the  mean  dropping 
time.  A  check  cairled  out  on  control  samples  showed  that  the  mctliod  ensures  an  accuracy  of  *  0,5-1%  absolute, 
the  accuracy  being  higher  the  greater  the  dropping  time. 
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The  method  developed  for  the  aoalyiU  of  the  composition  of  binary  mixtures  of.TCA  is  rapid  and  gives  results 
which  are  accurate  enough.  By  Introducing  tome  improvements  (using  a  longer  measuring  tube,  and  subdividing  the 
concenuatloo  range  Into  a  larger  number  of  subdivisions)  It  should  be  poulblc  to  enhance  the  accuracy  of  the  method, 
should  this  be  necessary.  * 


Calibration  curvet  for  binary  mixtures  of  TCA. 


SUMMARY 

A  method  for  the  analysis  of  binary  mlxtmet  of  tetrachloroalkanet  hat  been  developed  which  It  b.**ed  on  meas¬ 
uring  the  dropping  time  of  test  mixtures  In  a  viscous  medium.  Cropping  time  It  a  function  of  density  which  depends 
on  the  composition  of  a  binary  mixture. 
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•  .  P.  Alimario  aod  M.  N.  Petrikova.  "Inorgaoic  Ultramlcroanalyiii* 

Izd.  AN  SSSR,  Moscow,  1960. 15^  pp..  8,000  copies,  price  8  rubles. 

Reviewed  by  A.  K.  Babko 

Translated  from  Zhuroal  Analiticheskoi  Khimii,  VoU  16.  No.  8^ 

pp,  377-379,  May-)uDe.  1961 

Ultramicroaoalysls  (UMA)  originated  with  biochemistry  and  l.:ter  proved  of  considerable  help  in  the  develop* 
meat  of  radiochemistry.  Undoubtedly  the  technique  of  this  method  could  be  useful  for  analytical  chemistry,  mainly 
in  those  cases  where  only  a  very  small  amount  of  test  material  is  available,  and  also  for  examining  analytical  con¬ 
centrates  of  microimpurities.  Accordingly,  the  appearance  of  a  short  textbook  on  inorganic  UMA  in  which  a  descrip* 
tion  is  given  cf  the  basic  techniques  and  possibilities  of  the  method  it  very  timely. 

At  the  very  beginning  the  authors  emphasize  that  their  aim  is  to  describe  the  techniques  and  apparatus  of  UMA 
using  known  chemical  and  physicochemical  methods.  In  UMA.  concentration  sensitivity  remains  almost  the  tame  aa 
in  mauomethods;  the  absolute  amount  of  test  material  can  be  reduced  a  thousand,  tens  of  thousands,  and  hundreds 
of  thousands  timet. 

For  working  on  the  microscale,  special  apparatus  and  vessels  are  required, which  the  research  worker  often  bat 
to  rrake  himself.  Of  special  importance  it  the  large  inaease  in  relative  surface.  The  basic  apparatus- microscope, 
micromanlpulators.  piston  attachments  for  micropipets,  humidity  cabinets,  and  some  other  apparatuses*  are  described 
very  briefly,  in  about  ten  paget. 

A  large  part  of  the  book  is  devoted  to  questions  of  qualitative  UMA.  A  dcscripcion  is  given  of  the  genera! 
technique  for  observl.ng  the  formation  of  colored  compounds,  and  Individual  techniques  are  also  considered.  From  the 
tables  included,  it  is  clear,  e.g.,  that  when  the  thiocyanate  reactionfor  iron  is  carried  out  on  the  maao  scale  the 
limit  cf  identification  Is  10'*  g,  while  using  UMA  It  is  possible  to  detect  10'*  g.  It  should  be  pointed  out  that  the 
authors  at  this  juncture  depart  from  their  undoubtedly  correct  assertion  that  the  concentration  sensitivity  depends  on 
the  physicochemical  properties  of  the  material  formed,  and  not  on  the  scale  of  the  experiment.  It  follows  from 
Table  o  that  though  the  concenuation  sensitivity  for  the  detection ot iron  by  UMA  increases  ten  times,  the  sensitivity 
of  the  detection  of  chromium  increases  by  more  than  ten  times.  It  must  be  assumed  that  in  this  case  the  authors  are 
using  insufficiently  critically  checked  results,  and  one  has  to  believe  what  the  authors  have  written  in  the  text. 

The  technique  of  observing  certain  precipitation  reactions  is  described.  The  main  techniques  are  described 
briefly  but  usually  clearly  enough.  Some  Instructions  are  however  Incomprehensible.  For  example. It  is  difficult  to 
imagine  what  is  meant  by  the  following:*...  the  cone  plus  precipitate  are  placed  in  a  capillary  fused  at  both  ends  and 
containing  a  drop  of  water.  * 

In  addition  to  the  usual  techniques  of  forming  colored  compounds,  and  of  precipitation  reactions,  more  thaa 
half  the  book  is  devoted  to  less  well  known  UMA  techniques  such  as  deposition  of  metals  by  elearolysls.  chromatogra¬ 
phic  methods,  exuactlon  with  organic  solvents  from  volumes  of  10"*  -  10“*  ml,  etc.  Qualitative  UMA  of  certain 
materials  is  described;  the  use  of  Russian-made  apparatus  for  taking  micro  samples  is  interesting. 

Only  about  one  third  of  the  book  is  devoted  to  quantitative  UMA.  In  this  section.  In  addition  to  the  usual 
methods  of  gravimetric  and  titrimeuic  analysis,  the  use  of  electrochemical  methods  of  tiuation,  as  well  as  of  colcc* 
imetry  and  spectrophotometry,  is  discussed.  It  seems,  despite  what  the  authors  say.  that  the  impression  is  created  that 
titrimetric  UMA  is  a  very  difficult  method.  Naturally,  the  change-over  from  the  usual  scale  of  qualitative  or  gravim* 
etrlc  analysis  to  the  UMA  scale  also  requires  some  skill  on  the  part  of  the  analyst.  Nevertheless,  the  experimental 
technique  often  reduces  to  carrying  out  simple  operations  by  niiaomanipulatocs.  The  use  of  potentlometrlc  and 
amperomeulc  methods  of  titration  in  UMA  would  appear  to  be  rather  pointless.  Thus, if  any  particular  material  caa 
be  titrated  ampcromctrically  this  meant  that  it  could  also  be  determined  polarographlcally.  Essentially,  amperome* 
txic  tiuation  was  developed  with  the  aim  of  decreasing  the  sensitivity  of  polarograpny  (the  accuracy  being  increased 
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M  the  tame  time).  -  If.thea,  one  U  seeking  foe  ways  of  determining  uluasmall  amounts,  the  tisc  of  amperocnetric 
tluatloo  cannot  be  regarded  as  the  right  approadit  polarographic  determioatioo  ai  microvolnnies  b  considerably 
simoler  than  amoerometrlc  titration. 

A  more  favorable  tmpreuion  U  gained  on  reading  the  last  section  of  the  book,  which  b  devoted  to  descriptions 
of  colorimetric  and  ipcaropbotometric  UMA  methods.  Here  one  has  only  to  replace  the  usual  cuvette  by  a  mlaoco* 
vette,  the  usual  colorimeter  or  specuophotometer  by  some  other  measuring  apparatus,  and  thb  b  easily  done  In  practice; 

From  all  that  bat  been  said  It  b  clear  that  the  apparatus  and  technique  of  UMA  are  presented  widely,  and  the 
reader  can  gain  a  clear  Impression  of  the  preKot  state  of  these  questions 

Among  the  defeat  of  the  book.  Indicated  above,  are  the  unjustified  brevity  of  some  sections,  and  iosoffldeotly 
aitlcal  evaluation  of  tome  methods.  Some  more  examples  can  be  given.  The  autfjon  arc  quite  conea  In  some 
Instances  where  they  say  that  a  detailed  desaiption  b  superfluous.  Nevertheless,  even  in  a  diort  book.  If  ft  has  bc.'i 
decided  that  a  desaiption  should  be  given  then  It  should  be  given  clearly.  Thus,  why  (and  bowl)  'split  a  thick - 
walled  capillary  In  two  ...*(p.l22)  in  orda  to  make  a  holda  for  the  vesscl.^his  is  Incomprehensible. 

In  conclusion  the  authors  give  a  short  but  Intm  ting  paragraph  on  the  possible  development  of  Inorganic  UMA, 
One  canrxH  but  agree  with  the  views  advanced  here.  Nevcnheleu.  there  should  bv  tome  dlscussloo  of  tome  supple¬ 
mentary  problems.  At  least  two  other  possible  lines  of  approach  can  be  meotioced  which  would  help  the  development 
and  extension  of  the  application  of  UMA. 

a)  The  use  of  sparingly  volatile  organic  solvents.  Difficulties  associated  with  the  rapid  evaporation  of  mlao 
drops  of  aqueous  solutions  are  dealt  with  sevaal  timet  in  the  bock  under  review.  The  difficulties  are  even  greater 
when  noqaqucous  solutions  are  used;  extraalon  requires  special  conditions  and  becomes  extremely  awkward,  in  UMA, 
however,  many  of  these  difficulties  could  be  overcome  by  using  such  solvents  as  glycerol,  nitrobenzene,  supercooled 
lalol  and  other  solvents.  At  the  same  time  the  study  of  chemical  reactions  in  surh  solvents  would  supplement  our 
cvcr-all  chemical  understanding. 

b)  One  of  the  most  valuable  applications  of  UMA.  as  pointed  out  In  the  book,  would  be  its  use  for  the  daer- 
mlnatlon  of  mlaoimpurltlet.  r^bvlously.  In  such  cases,  the  work  ',ouId  have  to  sta.'t  with  maaosarr.ples  and  an 
analytical  concentrate  of  the  rrlcrolrrpurltles  prepared.  The  concentrate  should  then  be  analyzed  by  UMA.  Taking 
Into  account  the  charaacrlstlc  features  of  UMA,  the  conclutloo  can  be  drawn  that  the  most  valuable  technique  for 
the  preparation  of  analytical  ccnccnuates  would  probably  be  the  method  of  organic  copreclplians  suggested  by 

V,  L  Kuznetsov;  were  such  a  technique  used  after  combustion,  the  alitamic.o  amount  of  test  Impurity  thus  obtained 
directly  could  (hen  be  analyzed  by  UMA.  Such  methods,  however,  have  not  as  yet  been  develcped. 

On  the  whole. the  book  under  review  it  of  undoubted  Intaest  and  enriches  our  literature  on  analytlcakhemlstry. 


A.  Okac.  ’’Qualitative  analytlsche  Chemie'* 

Akademische  Verlagjgescllichaft,  Leipzig.  1960.  644  pp. 

Reviewed  by  1.  N.  Marov 

Translated  from  Zhurnal  Analltlcheskol  Khimll.  Vol.  16,  No.  9, 
pp.  378*379,  May-JuDe,  1961 

This  book  was  flrrt  publidied  In  1956  In  league  Ifl  Czech,  arrd  It  was  published  lo  German  by  die  Leipzig 
Academic  Preu  in  1960.  In  this  edition  a  number  of  chapiert  in  the  book  have  been  expanded  appreciably,  and  It 
Includes  a  ccw  chapter  on  physical  methods  lo  analytical  djcmltuy.  The  appearance  of  a  new  edition  of  the  book 
Is  to  be  welcomed  since  there  has  long  been  a  need  for  a  nxidern  textbook  on  qualitative  analytU 

The  book  contains  some  brief  iDfocmatloo  on  the  history  of  analytical  chemistry  and  the  development  of 
qualitative  chemical  analysis;  the  most  important  theoretical  questions  relating  to  qualitative  analysis,  the  technique 
of  carrying  out  qualitative  and  microcrystalloscoplc  reactions  are  discuued,  etc,  A  number  of  new  group  and  selec* 
tlve  reactions  are  desalbed  In  addition  to  the  classical  group  reactlont. 

Sodium  carbonate,  acetate,  and  phosphate,  potassium  chromate,  hydrochloric  ai:d  sulfuric  aclds,etc..are  used 
as  group  reagents  as  well  as  organic  materials  (hyd.oxy quinoline,  anthranlllc  acid,  dithizone.curfsrron,  etc.X 

A  considerable  part  of  the  book  (300  pages  out  of  (40)  it  devoted  to  selective  reactions.  This  section  Is  very 
rich  in  material  on  selcaive  rcactlcnt  for  almost  all  elements.  A  number  of  such  reactions  are  given  foe  each 
element,  and,  as  a  rule,  possibilities  are  indicated  of  direct  establlshcment  of  the  presence  or  absence  of  a  particular 
element  in  test  samples. 

''he  last  chapter. which  it  desoted  to  a  review  of  tome  physical  methods  used  in  analytical  chemistry,  should 
in  the  author’s  opinion  serve  at  a  short  textbook,  by  rr.cans  of  which  a  chemist  should  be  able  to  choose  the  method 
nc  wants.  One  of  the  best  features  of  the  bock  is  the  vait  bibllography(945  references)  given  at  the  end  of  the  book. 
It  covers  the  literature  up  to  1958. 

Okafi  book  has  taken. Into  account  modern  achicsementi  la  theory  and  practice  and  li  a  valuable  textbook  on 
qualitative  analysis  fo;  students  in  chemical  faculties  and  for  analytical  specialists. 
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Hooben- Weyl,  *Mectaod«D  der  organlichea  Cheinl«*  ' 

Reviewed  by  V.  G.  Tlptiova 

Translated  from  Zhumal  Aoallticheskol  Khlmil,  Vol.  16,  No.  3, 

p.  379.  MayJune,  1961 

Methodco  der  orgaolscheo  Chemle  (Houbeo-Weyl).  Vlerte  volllg  nen  gettaltete  Auflage.  lieraaigegcbea  voo 
E.  Muller.  Uotet  besonderer  Mltwltloing  voc  O.  Bayer,  li  Meerveln,  K.  Ziegler.  Verlag  G.  Thieme,  Stungart. 

Bd.  1/2.  Allgemeloe  Labocatorlomspraxlt.  Tell  2.  Bearbeltet  voa  A.  Berthmaon,  K.  Blumrlch.  W.  ^cbc. 

W.  Bunge.  R.  Jaecker.  H.  Jooat.  ...  1959,  1017  pp. 

Bd.  V/4.  HaloKcnverblndungeo.  Brom*  und  loovabindungra  ~  Hcrstellung.  Chlor*^Broin  und  lodverblodungea 
-Reaktivitat.Umwandlung.  Bearbeltet  voa  N.  Kieutxkamp.  IL  Mccrwelo,  A.  Roedlg.  R.  Suoh.  1960,  894  pp. 

Bd  Xl/2.  Stlckstoffverblndungeo  □.  und  HI.  Bearbeltet  voa  H.  Bestlan.  L.  Blxkhofer.  A.  Dorlaxs,  K  Fteytag, 

...  1958.  840  pp. 

The  second  part  of  the  first  volume  of  Houbea-Wcyl't  reference  work  it  devoted  to  general  laboratory  metbodsu 
Among  the  various  questions  which  are  examined  In  detail  are  modern  methods  of  preparing. purifying  drying,  and 
storing  gases,  while  the  technique  of  waking  with  liquefied  gases  in  an  Inert  gas  atmosphere  and  the  technique  of 
working  with  small  amounts  of  mate;l.*«l  at  low  pressure  are  described.  The  properties  and  puriflcatloa  of  the  nx)St 
Important  organic  solvents  are  discussed,  u  well  at  drying  techniques. 

The  fourth  paitof  the  fifth  volume  Is  devoted  to  a  detailed  review  of  metTiods  of  preparing  bromine-  and  lodlnt- 
contalning  compounds,  and  to  the  vatlous  uansformatlons  of  organic  compounds  of  chlatne,  bronrlne.  and  Iodine. 

The  second  part  of  the  eleventh  volume  Is  devoted  to  the  various  uantformatlons  of  amines,  1,2-  and  1.3-alkylcne- 
anilr.es.  amino  acids,  and  lactams.  There  Is  a  wealth  of  Information  on  quaternary  ammonium  bases  and  on  com¬ 
pounds  containing  niuogen  and  sulfur. 

The  volu.mrs  of  Hcubcn-Weyl  under  rc\1cw,  like  those  publl»hed  earllerf  see  Zhurnal  ar.allt.  khimll  ^3.  378 
(1958)1.  contain  a  very  large  bibliography  and  the  well-compiled  Index  Is  set  out  extremely  well. 

The  new  edition  of  this  fundamental  reference  work  of  Houbcn-Weyl  with  Its  wealth  of  valuable  material  ti 
of  great  Interest  net  only  fa  analytical  chcmltti  working  on  synthesis  and  s'  ldying  new  aganlc  reagents  but  also  fa 
organic  analytical  chemists.  The  material  on  general  labaatory  methods  Is  valuable  for  a  wide  circle  of  chemical 
research  wakets. 


OBITUARY 


YURII  VITAL’EVICH  MORA.CHE VSKII 


Soviet  chemical  jclence  suifered  a  heavy  lou  on  January  4,  19G0.  Ca  that  date  Professor  Yuill  Vital’evich 
Niorachevskii  died;  he  was  outstanding  la  the  field  of  analjilcal  chemistry,  geochemistry,  and  halurgy,  he  w.  t  head 
of  the  chair  of  analytical  chemistry  at  Leningrad  State  University  and  of  the  analytical  laboratory  of  the  Ip**‘ai'e 
of  Silicate  Chemistry,  Academy  of  Sciences,  USSR.  He  was  also  a  mcm.ber  of  the  Commlssioc  oa  Aa''ytlcal  Cbem* 
istry.  Academy  of  Scieoces.  USSR  and  a  doctor  of  chemicM  sciences. 

The  scientific  research  work  of  J-?orachcvskii  Is  distinguished  by  its  exceptional  breadth  and  variety,  althou^ 
it  was  concentrated  on  problems  relating  to  an  all-round  study  of  mineral  raw  materials.  His  scientific  aaivity  was 
closely  connected  with  the  solution  of  Im.portant  practical  problems  in  the  social  economy.  Du.ing  hl$  life  Morach* 
evskii  combined  his  scicminc  research  with  a  large  amount  of  teaching  and  organizational  activity. 

Morachevskli  was  born  on  July  11.  1804.  He  finished  at  Leningrad  university  in  1917  and  started  to  work  at 
the  All-Union  Geological  Institute  (Geological  Committee)  as  an  analytical  chemist.,  and  later  became  a  scientific 
group  leader  and  head  of  the  geochemical  section.  During  the  middle  twenties,  with  the  turbulent  growth  of  geo¬ 
logical  prospecting  work  in  the  USSR,  the  chemical  laboratory  of  the  Geological  Institute  under  the  direction  of 
Morachevskli  also  expanded**  from  a  group  consiuing  of  a  few  analysts  to  a  large  scientific  reasearch  establishment 
Including  eight  special  laboratories  and  about  ISOco-worken.  At  the  same  time,  Morachevskli  was  responsible  for 
organizing  dozens  of  laboratory  field  panics,  instruaing  analytical  chemists,  and  personally  conducting  experimental 
work  developing  new  methods  of  analyzing  many  types  of  mineral  raw  material.  Yu.  V.  Morachevskli  was  one  of 
the  fundamental  organizers  of  chemical  service  in  geology. 

Morachevskli  initiated  the  publication  and  v«as  the  chief  editor  and  author  of  m^ny  sections  of  the  reference 
work  "Analysis  of  Mineral  Raw  Material,"  in  which  the  experience  of  many  analytical  chemists  was  colleoted.  The 
second  edition  of  this  work,  considerably  revised  and  supplemented,  was  brought  out  in  1956  under  the  editorship  of 
Morachevskii  and  Yu.  N.  Knlpcvich. 
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Morachevikil.  at  a  geochemis,  was  widely  Iumwo  for  hit  nudiea  of  salt  deposiu  of  the  Soviet  Unioo.  Hia  moA 
Imponam  works.  "Features  of  the  Geochemistry  of  the  Verkhnekamsk  Salt  Deposits."  Xottditioos  for  the  FonnaUoa  . 
of  Deposiu  In  the  Solikamsk  Lagoon."  ^as-Bearing  of  Potassium  Salts  of  the  Verkhnekamsk  Depoaits."  and  a  numbea 
of  others,  are  parts  of  a  sirtgle.  broadly  devel'^ped  work  dealing  thoroughly  and  for  the  first  time  with  the  geodieinistty 
of  the  Solikamsk  Deposit  of  potassium  salts,  the  largest  in  the  world. 

One  must  Tnclude  the  huge  amours  of  work  which  Moradievskil  carried  oat.  and  the  help  be  gave  In  oooneo- 
tion  with  exploring  and  planning  the  cormructlon  of  the  Solikamsk  Hydro  Projecu  and  a  onrobcs  of  ocher  large 
hydrotechnlcal  coottructlons. 

In  the  course  of  his  work  in  the  Leningrad  Kilning  Institute  (193^1^1)  Kloracfaevikil  carried  oat  Unpoctaai 
research  on  the  copper-nickel  ores  of  the  Trans-Polar  region,  their  geochemisry.  the  distxibutioa  of  accompanying 
elements  in  them,  and  their  behavior  during  metallurgical  processing. 

With  ois  wide  knowledge  and  huge  experience  Maacbevskii  was  closely  connected  wfth  (be  many  hsstltntca 
In  Leningrad  and  other  cities. 

For  many  years  Morachevskil  led  a  very  fruitful  teaching  career.  From  1M4  he  was  head  of  the  scbo(4  of 
analytical  chemists  at  Leningrad  University  and  contributed  immensely  to  the  educatioo  of  young  Kientiss.  Kfora> 
chevskii  reorganized  the  teaching  of  analytical  chemisry  in  Leningrad  Univcnity,  organized  a  course  oq  the  tbeo* 
retlcal  bases  of  analytical  chemistry  and  the  analytical  chemistry  of  the  rare  eiemems.  and  lntTo<h:ced  a  number  of 
new  specialist  courses  and  practical  work  to  the  chair.  Morachevskii  tried  to  educate  analysts  with  a  broad  outlook, 
posseuing  a  knowledge  of  the  basic  methods  of  modem  analytical  chemistry. 

The  main  subject  at  the  chair  of  analytical  diemlstry  was  the  analytical  chemistry  of  mineral  raw  materials, 
particularly  questions  relaifng  to  the  analytical  che5^.i'.try  of  rate  and  scattered  elemeotu  This  oatttrally  encompaied 
a  wide  range  of  analytical  methods,  and  Morachevskil  saw  that  it  would  provide  rich  uainlng  for  youttg  analytical 
chemists.  He  gave  a  lot  of  attention,  particularly  during  the  last  years  of  his  life,  to  methods  of  teaching  analytical 
chemistry,  to  a  correct  definition  of  the  problems  of  analytical  chemistry  as  a  science,  and  to  the  poisibilitles  of 
its  further  development. 

In  1950  Morachevskil  organized  the  analytical  laboratory  in  the  Institute  of  Silicate  Cherr.lxry,  Acadenny  of 
Sciences.  USSR.  CXirlng  the  first  years  of  the  existence  of  the  laboratory  the  %rork  carried  out  was  devoted  to  Indi¬ 
vidual  problems  relating  to  the  deicrmlnatloa  cf  the  main  components  of  silicates,  la  later  yean,  cnier  the  direc¬ 
tion  of  Mok?chevskil,  the  laboratory  rrsoved  on  to  a  research  plan  which  he  bad  worked  out  for  devclc-plrg  and  Im¬ 
proving  methods  frr  dctcrmlnLng  mlcrcamcunts  cf  various  ele-ments  in  sih'ates  and  la  elemensal  silicon 

Spectrochemical  methods  of  determining  a  number  of  mlaoimpuritles  in  specially  purified  material  —  silica 
and  semiconducting  silicon- which  were  developed  under  the  direction  of  Morachevskil  are  distinguished  by  their 
high  sensitivity.  Recently,  work  has  started  under  Morachevskll’s  dlrealon  on  the  radloactlvaaoQ  detenr.inatloo  of 
Impurities  in  specially  purified  silica.  To  solve  these  problems,  on  the  initiative  of  Moracheveskii.  a  well  equipped 
laboratory  of  spectrochemical  analysis  and  radioaaive  Isotopes  has  been  set  up  la  the  Institute  of  Silicate  Chemistry. 

As  a  member  and  vlce-dialrmin  Morachevskil  has  contributed  largely  to  rhe  organization  atw  work  of  the 
D.  L  Mendeleev  All-Union  Chemical  Society,  panicularly  In  bis  c.wn  Leningrad  Branch.  He  has  Iei.rared  often  on 
cunem  problems  in  chemical  science  and  oo  the  philosophy  of  natural  science. 

Despite  the  poor  state  of  hli  health,  oot  sparing  uis  strength,  he  enthusiastically  and  with  deep  ccosciousoess 
of  service  carried  out  his  numerous  duties,  right  up  to  the  last  moment. 

T!:e  shining  Image  of  Yurli  Vitalevich.  an  outstanding  scientia.  a  talented  leader  and  educator  of  youth,  and 
a  charming  personality  will  always  nay  in  the  hearts  of  bit  numerous  pupils  and  Mends. 

The  CommUsloD  on  Analytical  Cbemlst/y.  Academy  of  Sciences,  USSR 
Institute  of  Silicate  Cheinfnry,  Academy  of  Sciences,  USSR 
A.  A.  Zhdanov  Leningrad  State  Uolvenlty 
Leningrad  Branch  of  the  Mendeleev  Chemical  Society 
Editorial  Board  of  "Zburnal  analiticbevkoi  khimli" 

Ttandated  from  Zhumal  Analiticheskoi  Khimii.  Vol.  16.  Ko.  3. 
pp.  380-381,  May-June,  1961 
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PROBLEMS  OF  MATERIAL  (CHEMICAL  PHASE)  ANALYSIS 
AT  THE  CONFERENCE  ON  METHODS  OF  ANALYZING 
SELENIUM-CONTAINING  ELEMENTS 

B.  S.  Khristoforov 

Ttanslated  ffom  Zhumal  Analiticheakoi  Khimii,  Vol.  IS.  No.  3. 

pp.  382-383.  May-June.  1961 

The  possibility  of  osiablishing  the  form  in  which  rare  and  icattcred  elements  occur  has  hitherto  been  open  to 
doubt  because  the  chemical  properties  of  these  elements  have  not  been  studied  in  sufficient  detail,  and  because  of 
the  low  concentration*  at  wbtrh  they  occur.  Despite  this  there  has  been  an  Increasing  number  of  references  published 
recently  on  this  typ«.  of  investigation.  Nevertheless,  the  information  published  on  such  work  Is  often  not  complete 
encugU.  so  that  the  results  of  such  work  cannot  be  used  for  developing  technological  schemes  of  exuactlng  seleninm 
even  during  the  control  of  the  app;t>prlatc  processes.  In  this  connealon.  it  is  not  unimportant  that  on  the  initiative 
of  N.  S.  Gteiver  and  B.  V.  DDlivo-Dobrovol'skii  at  a  conference  held  on  June  22-27. 1960  at  the  Leningrad  Mlnl.ig 
Institute  with  the  purpose  of  exchanging  experience  on  the  application  of  various  methods  of  determining  selenium, 
tellurium,  and  the  elements  which  accompany  them,  a  special  group  of  reports  and  communications  was  given  which 
dealt  with  methods  of  detetmining  the  ferm  in  which  selenium  exists  In  different  production  materials. 

in  all.  five  reports  and  communications  were  read  at  the  conference  on  these  questions. 

Co-worken  at  Ae  Central  laboratory  of  the  Leninogorsk  Polynsetaliic  Combine  V.  V.  Malakhov.  E.  D. 

Glotlu).  E  I.  Savichev,  ct  al.,  gave  a  report  on  the  subject  "Determination  of  the  Form  of  Selenium  Compounds  in 
Dusts  and  Distillates  from  lead  Production.* 

As  the  remit  ofstudying  the  elemental  composition  of  dusts  from  lead  production  and  some  products  from  their 
processing,  as  well  as  the  physicochemical  conditions  for  the  formation  of  these  products  and  the  values  of  the  heat 
of  formation  of  different  forms  of  selenium,  the  authors  have  suggested  that  selenium  may  be  prcKnt  In  the  dusts  and 
distillates  in  its  elemental  form,  in  the  form  of  Its  dioxide,  and  also  in  the  fotm  of  the  selenatcs,  selenltcs.  and  sele- 
nidcs  of  lead,  zinc,  mercury,  and  some  cthtr  metals.  Li  order  to  check  this  assumption,  the  authors  synthesized  the 
compounds  listed  and  studied  some  of  their  chemical  properties.  In  particular  the  aalon  cf  water  on  thcm.aod  also 
the  actior  of  alkalis,  mineral  acids.sodlum  sulfide  and  sulfite. hydrogen  peroxide,  and  some  other  reagents. 

Conparison  of  the  results  obtained  enabled  the  authors  to  suggest,  after  a  careful  check  on  various  production 
materials  a  method  for  determining  the  form  in  which  selenium  occurs  in  dusts  and  distillates  from  lead  produaion 
and  in  certain  products  obtained  during  the  processing  of  these  materials. 

B.  S.  Khristoforov  and  R.  M.  Monasypova  (Altai  Mining-Meta'.Iurgical  Scientific  .Research  Institute.  Academy 
of  Sciences,  Kazakh  SSR)  in  a  communication  on  "The  Forms  of  Selenium  in  the  Sludge  from  Sulfuric  Acid  Produc* 
tloo  at  the  Ust'-Kamcnogorsk  Lead-Zinc  Combine"  showed  that  it  was  possible  to  apply  the  technique  for  determin¬ 
ing  the  form  In  which  selenium  occurs  developed  at  the  Ccnual  Labotatory  of  the  Leninogorsk  Polymetallic  Combine 
to  the  stidy  of  sulfuric  acid  sludge  from  the  plant  operating  on  roasting  gases  from  zinc  production,  li  was  established 
that  the  ;}reatcr  part  (up  to  70>)  of  the  selenium  is  preseut  lo  the  sulhtric  acid  sludges  UK  STiK  In  the  form  of  * 
complex  sulfido-selenide  of  mercury  ai.d  tin  of  the  type  (Hg,  Zn)  (S.  Se)  andabota  25'5i»  in  the  form  of  Utiyle  lead 
and  zinc  telenldei. 

N.  A.  Filippova  reported  on  a  technique  developed  at  Glntsvetmet  for  establishing  the  form  in  which  Mleoium 
is  present  in  dusts  from  lead  pcoductioo. 

V.  V.  Dolivo-Dobrovorskll  and  T.  N.  Gielvet  (Leu^r.^red  Mining  Institute)  gave  a  long  report  on  "The  Possible 
Forms  of  Selenium  and  Tellurium  in  Copper  Electrolyte  Plctlnum-Containing  Sludges";  this  report  included  a  detail;: 
descript  on  of  methods  for  preparing  selenium-containing  compounds  of  silver,  palladium,  and  copper,  and  also 
methods  and  experimental  results  of  a  study  of  the  chemical  properties  of  the  sclenidet  and  sclcnites  of  the  metals 


394 


lifted.  Oa  the  basil  of  the  retulu  obtained  the  authors  have  developed  «  technique  for  determining  the  cootem  of 
the  enumerated  forma  In  vfalch  selenium  occurs  In  the  sludges. 

Ta.  L  Satin  and  A.  P.  Meliksetyan  (Sdentifle  Research  Mining* Metallurgical  Institute.  Sovnarkhoz  Armenlaa 
SSR)  read  a  report  oo  "The  Determination  of  Selenium  and  Tellurium  Compounds  in  the  Products  from  the  Sulfstlng 
Roasting  of  Copper  nectrolyte  Gold-Containing  Sludges.*  They  suggested  a  rational  method  of  analysis  which  permits 
determination  of  selenium  dioxide,  elemental  selenium,  tellurium  dioxide,  silver  and  copper  sulfates,  and  also  the 
selenides  of  these  metals  on  one  ample. 

The  participants  at  the  conference  listened  with  interest  to  reports  oo  development  of  methods  of  chemical 
phase  analysis  for  selenium  and  tellurium  compounds  in  products  from  the  metallurgical  processing  of  copper* nickel, 
cepper,  lead*zioc,  and  sulfuric  acid  products.  The  conference  ttoted  the  first  successes  achieved  In  this  field.  The 
'tope  was  expressed  that  there  would  be  funher  developments  In  scieotific  research  work  along  these  directloisa. 
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